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ABSTRACT 
This study is an assessment of the incidence of Sleep Related Crashes (SRCs) on 
different roads and different road types. There is no roadside methodology available to 
'test' for driver sleepiness and there is no UK system in place for the reporting of crashes 
caused by driver sleepiness. Accident statistics announced by the Govermnent are 
dependent upon STATS19, a data collection system that is not required by law, and does 
not record causation factors. Police collision report forms vary from force to force, with 
few recording causes. Police officers are not trained to attribute crashes to driver 
sleepiness. SRCs are, therefore, under-reported. Using established criteria, this thesis 
presents findings from in-depth analysis of over 2,000 police files on Road Traffic 
Crashes (RTCs) which occurred on 17 sections of roads of differing classification and 
with different characteristics. Files were studied for causation factors, and data is 
presented on severity, sex and age, occupation, vehicles involved, location, and time of 
day, week and month. Data were analysed to compare and contrast different road types, 
urban and rural roads, and the effect of differing traffic density, and natural and artificial 
lighting. 
Overall, 18% of all RTCs resulting in death or injury were caused by driver sleepiness, 
and 18% of all fatal crashes were sleep related. SRCs were more evident on motorways 
than on non-motorway roads (20% and 14% respectively) and the difference between 
these proportions was significant. However, these are conservative proportions given 
that crashes attributed by the police to other causation factors such as tyre blowouts and 
manoeuvre error may also be caused by drivers falling asleep at the wheel. 
Approximately half of all crashes between midnight and 0600h were caused by driver 
sleepiness and almost all (83%) of fatal crashes occurring between 0400-0600h were 
sleep related. The difference between the proportions of SRCs and RTCs occurring 
between 0000-0600h was highly significant. However, SRCs were distributed evenly 
over the 24h period in absolute terms. 68% of SRCs were attributed to car drivers, over 
one third of drivers in SRCs drove for a living, and almost half of all SRCs were single 
vehicle crashes. Most SRCs (83%) involved male drivers, and over one third, men s;30y, 
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especially during the night and early hours of the morning. Older men and women had 
crashes later in the day and during the afternoon. Almost half of SRCs involving women 
occurred during 0800-l400h. Young women drivers aged S30y caused 67% of SRCs on 
non-motorway roads compared to 35% for all crashes and 39% for SRCs on motorways. 
7% of men possible or probably causing SRCs on non-motorway roads were 71y or 
older. 
The effectiveness of artificial lighting in reducing road crashes is questionable. Analysis 
of a subset of data showed only a marginal reduction of RTCs when roadside lighting is 
present. This was also true for the proportion of RTCs that were SRCs. There was a 
significantly greater proportion of SRCs during natural daylight than darkness (0530· 
0730h). 
The effect of traffic flow on the number of crashes (all causes) and SRCs showed a trend. 
As Annual Daily Traffic Flow increased with each of the different sections of roads, the 
number of RTCs and SRCs also increased. This is true for the proportion of crashes that 
were SRCs on the non-motorway roads. However, the opposite was true for motorways. 
Research shows that SRCs are more likely to occur on motorways and although this 
study supports this, interestingly, SRCs as a proportion of RTCs were reduced on 
motorways with high traffic flows. This study also shows that SRCs on non-motorway 
roads occurred with some clustering of crashes on certain sections of roads. 
Furthermore, SRCs on non-motorways were more likely to result in fatal or serious 
injuries than on motorways. Hence, drivers need to be aware of the dangers of driving 
whilst sleepy on non-motorway roads as well as motorways. There needs to be a greater 
public awareness of driver sleepiness and the dangers of driving whilst sleepy, for all 
drivers and for all those concerned with driving. 
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CHAPTER!: 
THE NATURE OF THE PROBLEM 
1.1 ROAD TRAFFIC CRASHES 
Road Traffic Crashes (RTCs) constitute one of the major problems of modem daily 
life. Worldwide, motor vehicle accidents are a major cause of injury and death 
(Lyznicki et al., 1998). Despite the fact that Great Britain has the best road safety 
record in Europe, in the year 2002 there were 221,7 51 road crashes resulting in 302,605 
casualties, of which 3,431 people were killed- just under 10 people killed on our roads 
every day. 35,976 people were seriously injured and 263,198 were slightly injured 
(DIT, 2003a). These deaths and casualties are equivalent to a rail disaster, every day -
disasters that would generate national headlines. By the year 2020, (Murray & Lopez, 
1997) estimate traffic injury to be the third leading cause of death and disability in the 
world. 
In 2000 the UK Government announced a road safety strategy and casualty reduction 
targets for the year 2010 in 'Tomorrows Roads- Saftr for Everyone'. The casualty 
reduction targets for 2010 are: a 40% reduction in fatal and serious injuries in road 
crashes; a 50% reduction in the number of children killed or seriously injured, and a 
10% reduction in the slight casualty rate. Included in the strategy to reduce road 
crashes, the Government pledges to "make people aware how much tiredness 
contributes to road crashes and advise drivers and employers how to cut the risk" (DfT, 
2003a). 
. . ~~----------------------------------------
1.2 SLEEP RELATED CRASHES- THE COST 
Estimates of road crash costs (all causes) from 12 countries ranged from 0.5% to 5.7% 
of the gross national product (Elvik, 2000). These include casualty related costs, that 
is, the value of the economy ofloss of production potential, the cost of medical support 
services and an estimate of human costs to attempt to reflect the pain and distress of 
victims and families, and also include accident related costs, that is, damage to 
property, insurance administration and police costs. In Great Britain, the total cost-
benefit value of prevention of road traffic crashes (all causes) in 2002 was estimated to 
be £17,760 million, of which £12,808 million was attributed to injury crashes. The 
average cost per crash was £1,447,490 for crashes resulting in fatal injuries, £168,260 
for crashes resulting in serious injuries and £16,750 for slight injury crashes (Dff, 
2003b). 
Leger (1994) estimated vehicle crashes related to sleepiness to cost $29.2 billion (based 
on 1988 figures), while Webb (1995) estimated the cost to be $1.75 billion, based on 
much more conservative estimates of the number of SRCs. More recently, the US 
National Highway Traffic Safety Administration (NHTSA) estimate productivity and 
property costs to be $12.5 billion (NHTSA, 2003). However, human life cannot be 
priced. Nothing can compensate for the loss of human life. A driver who drives whilst 
sleepy is a danger to himself and to other road users. The cost is not only to individuals 
but also to their families and communities, as well as to companies. 
What proportion of road traffic crashes are caused by drivers falling asleep at the 
wheel? Worldwide, driver sleepiness is thought to be an 'important' cause of crashes, 
but estimates vary greatly, according to the methodology used, the awareness of police 
officers, the amount of detail available on road crashes, the population studied and the 
definition of sleepiness. Estimates for crashes on motorways or highways have 
typically been higher than for crashes on all road types combined. Research has shown 
that driver sleepiness is a significant risk factor for vehicle crashes, accounting for a 
considerable proportion of total crashes, particularly on monotonous motorways. In the 
UK, (Home & Reyner, l995b, 1996a, 1999) reported that 16-20% of vehicle crashes on 
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major roads and motorways were due to drivers falling asleep at the wheel. In 
Australia, the Road Safety Bureau (1993) reported that 6% of all crashes were caused 
by fatigue; 15% of all fatal crashes. (Note that fatigue is a general term, used 
interchangeably with 'sleepy', 'tired' and 'drowsy' by those working in transport safety 
and the general public). Summala and Mikkola (1994) reported that 10% of fatal 
crashes among car and truck drivers in Finland were caused by fatigue or drivers falling 
asleep at the wheel. Based on findings from other studies, Webb (1995) attributes a 
possible 2.5% of all motor vehicle crashes to driver sleepiness. The NHTSA (US) 
identified driver sleepiness as the cause of 1.2-1.6% of police reported crashes and 
3.6% of fatal crashes (Knipling & Wang, 1994, 1995). Recent estimates by NHTSA 
report a staggering 100,000 crashes reported to the police are caused by driver 
sleepiness, resulting in 1,550 deaths and 71,000 injuries (NHTSA, 2003). Pack et al. 
(1995) reported that drivers fell asleep in less than 1% of crashes in North Carolina but 
the estimate is higher for crashes resulting in fatalities (3-4%). Lyznicki et al. (1998) 
searched several US databases and other sources to ascertain the contribution of driver 
sleepiness to highway crashes and found that 1-3% of all crashes were caused by sleepy 
drivers. However, the authors commented that these figures were underestimates, due 
to results from surveys which indicated that many drivers had experienced excessive 
sleepiness. 
1.3 HIGH PROFILE CRASHES CAUSED BY DRIVER SLEEPINESS 
Crashes caused by driver sleepiness have made headlines in the media. Perhaps the 
most renown being the case where Gary Hart fell asleep at the wheel of his Landrover, 
veered off the M62 motorway and plunged 40 feet down an embankment onto a 
railway line (0612h, 28 February 2001). An intercity train travelling from Newcastle to 
London ploughed into the Landrover before colliding head on with a coal train, at a 
combined speed of 147 mph. Ten people were killed and more than 70 injured. Gary 
Hart had spent the previous night talking on the phone; he had not slept at all. He 
claimed to be able to go without sleep for 36 hours. The jury convicted him of 1 0 
charges of death by dangerous driving, and he was sentenced to six years in jail. 
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Other 'headline' crashes include the driver of a minibus who fell asleep on the M40, 
drifted off the motorway onto the hardshoulder and struck a stationery maintenance 
lorry. 12 pupils were killed. The driver was a teacher who had worked a 16-hour day 
supervising the children and was driving them back to Worcestershire after a concert in 
London. 
Legal history was made when two directors of a haulage company were found guilty of 
Corporate Manslaughter after ignoring excessive working hours by one of their drivers. 
The directors had allowed the driver to spend more than 60 hours a week behind the 
wheel without taking legally required breaks. 
1.4 SLEEP RELATED CRASHES AND CRASH TYPE 
Sleep Related Crashes (SRCs) typically involve vehicles drifting off the road or into the 
back of another vehicle (Pack et al., 1995; Home & Reyner, 1999, 2001). Fatigue is 
often implicated in single vehicle crashes. Fell (1995) reported that 79% of crashes 
caused by driver sleepiness involved one vehicle only. Knipling & Wang (1994) 
reported that 4.4% of fatal single vehicle crashes where the vehicle left the road were 
caused by sleepy drivers, and the same authors stated that 1.2 to 1.6% of police crash 
reports indicated drowsiness/fatigue as a cause of crashes (Knipling & Wang, 1995). 
Baker (I 968) reported that 29% of non-fatal single vehicle crashes could be caused by 
sleepiness or fatigue, and possibly more of the fatal crashes of this type. Leger (1994) 
stated that most of the vehicle crashes occurring during the night-time were single 
vehicle crashes, and that these could be caused by driver sleepiness. From a study of 
police reported crashes on five major highways, Akerstedt et al. (2001) found that most 
of the crashes occurring during the night were single vehicle crashes and this same 
accident-type accounted for 25% of all crashes. In an overview of sleepiness and 
crashes, Dinges (1995) reported that single vehicle non-alcohol-related crashes 
comprised 28% of fatal crashes and 26% of all crashes causing injury. The authors 
suggest that sleepiness was a contributory factor in more cases than reported. Langlois 
4 
et al. (1985) reported on major peaks of single vehicle crashes between midnight and 
0700h, particularly between 0100 and 0400h, and a "secondary" peak between 1300h 
and 1600h. 
30% of all crashes on roads in Great Britain during 2002 involved only one vehicle 
(66,917 single vehicle crashes), 2,006 of these were single vehicle crashes on 
motorways (DIT, 2003a). This thesis reports on sleep related crashes involving a single 
vehicle and those where multiple vehicles are involved. 
1.5 CRASHES ANALYSED BY VEHICLE TYPE 
Summala & Mikkola (1994) concluded from their research into the effects of fatigue in 
fatal crashes among car, van and truck drivers, that driver sleepiness was more of a 
problem for car drivers than for others, with the highest proportion of accidents at night 
(midnight-0600h) caused by the youngest age group (18-20y). Fell (1995) reported that 
drivers causing SRCs are usually driving a car (85%), and 71% of drivers are usually 
alone in the car. 
Research also shows driver sleepiness as a cause of crashes by drivers of goods 
vehicles. In Great Britain, Heavy Goods Vehicles (HGVs) account for 1.4% of traffic 
and Light Goods Vehicles account for a further 7.6% of road motor vehicles. Of 
course, when HGVs are involved the consequences can be enormous. Data from 
interviews of long distance truck drivers showed that almost half of the drivers had 
fallen asleep at the wheel of their truck (McCartt et al., 2000). The authors reported on 
risk factors which were significant predictors of truck drivers falling asleep at the 
wheel. These were: daytime sleepiness whereby some drivers accumulate a sizeable 
sleep debt, not having the opportunity to have sufficient sleep; arduous work schedule 
demanding long irregular hours at times that conflict with natural circadian rhythms; 
frequently driving along long, monotonous, high-speed roads; older, long-time drivers 
(due to driver exposure); night-time drowsy driving; poor sleep on the road, and 
symptoms of a sleep disorder. Some HGV drivers experience high levels of daytime 
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sleepiness due to snoring and obesity (Maycock, 1997). The US National 
Transportation Safety Board estimates that 30-40% of HGV accidents were caused by 
driver sleepiness (NTSB, 1995). Furthermore, 58% of single vehicle crashes caused by 
HGV drivers during the night were sleep related. In an earlier study carried out by the 
NTSB, one third of fatal HGV crashes were found to be sleep related (NTSB, 1990). 
Amold et al. (1997) found that 14% of truck drivers interviewed stated they had 
'nodded off whilst driving over the previous 9 months and 12% of drivers who had a 
crash in the previous 9 months reported that fatigue had been a contributory factor. 
However, the authors reported that HGV drivers perceived fatigue to be a problem for 
other drivers. Note that some HGV drivers are guilty of tachograph infringement, that 
is, exceeding legal driving hours. McCartt et al (2000) found that one in 5 of truck 
drivers interviewed stated that they often or always violated hours of service 
regulations. 
Langlois & Smolensky (1985) pointed out that the time of day of SRCs caused by 
drivers in commercial vehicles was different to that for non-commercial vehicles. 
Crashes caused by commercial vehicles peaked later than non-commercial vehicles and 
the authors claimed that this may be explained by differences in the work and social 
habits of the two groups of drivers. Mitler et al. (1997) reported that long haul truck 
drivers obtained less sleep than required for alertness when driving, and the most 
vulnerable times for sleepy long distance truck drivers is in the late night and early 
morning. 
This thesis reports on vehicle type and numbers involved in sleep related crashes 
compared to all crashes. 
1.6 SEVERITY OF CRASHES 
Research has shown that sleep related crashes are more likely to result in death and 
serious i!1iury owing to the relatively high speed of the vehicles on impact (Zomer & 
Lavie, 1990; Fell, 1995; Pack et al., 1995; Maycock, 1996; Home & Reyner, 2001; 
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Garbarino et al., 2001 ). In a study of police files on vehicle crashes, Zomer & Lavie 
(1990) found that crashes caused by driver sleepiness resulted in more than 50% higher 
casualties than for all crashes. The authors also found that these crashes had on 
average 290% more fatalities per crash and 180% more seriously injured casualties per 
crash than the mean values for non sleep-related crashes. 
Sagberg (1999) stated that near-misses where the driver had fallen asleep can be good 
indicators of crash risk; car owners who had reported having crashes were asked 
whether they had fallen asleep or dozed off for a short moment. Tilley et al. (1973) 
reported that 64% of drivers had become drowsy whilst driving a motor vehicle; near 
misses, then, could have been crashes resulting in death or injury. 
This thesis reports on crashes resulting in death or injury caused by driver sleepiness. 
1.7 TIME OF DAY EFFECTS 
Circadian and homeostatic regulatory systems produce clear patterns of alertness and 
sleepiness over the 24h period, with alertness highest during mid morning and early 
evening, whereas sleepiness is highest during the night/early hours of the morning 
( c0200-0700h), and, to a lesser extent, during mid-afternoon ( c 1400-1700h) (Mitler et 
al., 1988). Several studies, both laboratory based and in the field, have identified clear 
time of day effects for impaired performance and crashes caused by driver sleepiness. 
In driving simulator studies Lenne et al. (1997) found that driving performance varied 
according to time of day; performance was more impaired at night, with a dip during 
the early afternoon. Data from crash statistics show sleep related crashes peaking 
between 0200-0600h, with a smaller peak in the mid afternoon (l400-1600h) (Zomer & 
Lavie, 1990; Akerstedt et al., 1994; Pack et a1, 1995; Philip et al., 1996; Maycock, 
1996; Home & Reyner, 1999; Garbarino, 2001). Fell (1995) reported that one third of 
crash/near-crash journeys started between 2000h and 0600h compared to 19% 
comparison journeys. 
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This thesis reports on data in 2h blocks for time of day for all roads, and for different 
road types. 
1.8 DAYOFWEEKANDMONTHPATTERNS 
In a study of data on crashes reported to the police, Akerstedt et al. (200Ja) concluded 
that the risk of an accident at the weekend was considerably higher than during the 
weekday. The authors also reported that the temporal pattern of accidents was different 
inasmuch as the time during which accidents were at high risk was extended into the 
late morning. Akerstedt et al. (2001) suggested this could be due to shortened prior 
sleep or extended time awake, or journeys might be longer at the weekend. McGwin & 
Brown (1999) found that the highest proportion of traffic crashes occurred on a Friday, 
with the lowest proportion on Sundays. Kerkhof (1999) and Fell (1995) found that 
crashes caused by driver sleepiness were more likely to occur at the weekend. 
McConnell et al. (2003) found that sleep related crashes causing death and injury 
occurred most during late-night weekend hours. 
Concerning time of year, Zomer and Lavie (1990) reported that the number of crashes 
caused by driver sleepiness increased during the spring and summer months. They 
found no seasonality difference in the occurrence of other accidents. However, 
Akerstedt et a! (2001) found that the daytime accident risk during summer months was 
less than that for winter months. From drivers' responses at Service Areas on 
motorways in France, Philip et al (1996; 1997) found that many non-connnercial 
drivers making long summer holiday journeys were significantly _~>l~ep deprived, having 
started their journeys at night. However, McConnell et a! (2003) found a substantial 
reduction in fatal and serious SRCs during January and February. 
Data on day of the week and month are presented in this study, for all roads and for 
different types of roads. 
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1.9 CHARACTERISTICS OF THE DRIVER 
1.9.1 Sex and Age of Drivers 
106,420 male drivers and 58,811 female drivers were injured in Great Britain in 2002 
(DIT, 2003a). Research shows that yonng male drivers are at increased risk of falling 
asleep whilst driving. From a roadside survey of night-time drivers, Corfitsen (1994) 
found that tiredness is common in young male drivers. Fell (1995) reported that 84% 
of drivers causing SRCs were men, and about half were aged S 25y. Similarly, Pack et 
al. (1995) reported that 55% ofSRCs were caused by drivers aged 25 years or younger. 
The authors found that night-time SRCs were caused by drivers of the younger age 
group S 45y; SRCs occurring during the mid-afternoon tended to be caused by the 
older age group. Likewise, Home & Reyner (1995a) found that young men (:S 30y) 
were particularly at risk of SRCs in the early morning and older drivers ( 50-69y) had 
SRCs during the early afternoon (Home & Reyner, 1995b). Akerstedt et al. (1994) 
reported that more than half of crashes between midnight and 0600h were caused by 
men drivers under 30y. Surnmala & Mikkola (1994) concluded from their research into 
the effects of fatigue in fatal accidents, that the highest proportion of crashes at night 
(midnight-0600h) were caused by the youngest age group (18-20y), from all vehicle 
groups, and during the daytime SRCs were caused by older drivers (56+y). The 
afternoon 'dip' tends to become more apparent as one gets older (Monk, 1991). 
In Great Britain, 38% of male driver casualties and 35% of the female driver casualties 
were under 30y (DIT, 2003a). This study investigates sex and age of drivers in sleep 
related crashes compared to all crashes. 
1.9.2 Occupation 
Philip et al (1996) found that blue collar workers (for example, unskilled workers, 
technicians, factory workers) were more sleep deprived than white collar workers 
(businessmen, teachers, for example). However, from a telephone survey of randomly 
selected drivers and learner drivers, McCartt et al. (1996) found that driving whilst 
9 
--------~~~~ 
sleepy was more evident in those drivers with higher levels of education. The authors 
also reported that driver sleepiness was more likely to be associated with greater 
number of hours worked during the week, having more than one job, working rotating 
shifts, and driving for work. Shiftworkers (day, evening and night) were more likely 
than other workers to drive whilst sleepy. Maycock (1996) found that drivers of 
company cars were more likely to fall asleep at the wheel than private car drivers. 
This thesis reports on a sample of data on occupation of drivers. 
1.10 AIMS AND OBJECTIVES OF THIS RESEARCH 
The aim of this research is to report on the number and proportion of road traffic 
crashes (RTCs) using established criteria, that are possibly or probably sleep related 
(SRCs) on motorway and non-motorway roads in the UK. Objectives include reporting 
on causal factors for all crashes, severity of injuries, sex and age of drivers, the vehicles 
being driven at the time of the crash, the time of day, day of week and month when 
RTCs and SRCs occurred, where SRCs occurred, and the occupations of drivers 
possibly or probably causing SRCs. This research investigates the effect of artificial 
roadside lighting and natural lighting on RTCs and SRCs. Roads with differing 24h 
traffic flows were selected to see if different 24h Annual Average Daily Traffic 
(AADTs) and early morning flows have an effect on RTCs and SRCs and the 
proportion ofRTCs that are SRCs on motorways and non-motorway roads. 
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CHAPTER2: 
CRITIQUE OF 
EXISTING METHODOLOGIES 
The process of falling asleep can best be measured by an accumulation of behavioural, 
objective electroencephalographic recordings, physiological and subjective 
measurements (Ogilvie, 2001). Measures of self-reported sleepiness used in laboratory 
conditions include the Epworth Sleepiness Scale (Johns, 1991 ), the Karolinska Scale 
(Akerstedt & Gillberg, 1990) and the Stanford Sleepiness Scale (Hoddes et al., 1973). 
The Multiple Sleep Latency Test has been suggested as an objective test of daytime 
sleepiness (Carskadon & Dement, 1982). However, quantifying driver sleepiness after 
a road traffic crash is impossible to do. There is no objective test for police officers at 
the scene of a crash to employ. Additionally, worldwide collection of road traffic crash 
data and reporting standards vary considerably. Research design and methodologies to 
ascertain the proportion of road traffic crashes caused by driver sleepiness have varied. 
This could explain the difference in published findings. Connor et al. (2001) conducted 
a review of epidemiological studies concerned with driver sleepiness and the 
occurrence of car crashes. The authors concluded that there were few well-designed 
studies. Some used methodologies that were biased, and much of the research focussed 
on the relationship between sleep disorders and driver sleepiness. Only one study they 
considered measured injury as an outcome. 
2.1 SURVEYS/QUESTIONNAIRES 
When using questionnaire surveys, it is important that questions are unambiguous, that 
they are easy to understand, not misleading, and are asked before not too much time 
elapses (Tilley et al., 1973; Jones et al., 1979). The reliability of data collected from 
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questionnaires about sleep related crashes is problematic inasmuch as (1) time lapsed, 
that is, the driver may have difficulty remembering the crash in order to fill in the 
questionnaire accurately (2) drivers may not admit to falling asleep at the wheel as this 
would imply driving without 'due care' or even 'dangerous' driving (3) drivers may not 
remember falling asleep (Stutts et a!, 2003). Although it is highly likely that the sleepy 
driver is aware of feeling sleepy (Lisper et al., 1986; Home & Reyner, 2001) studies 
show that people need to have been asleep for at least 2 minutes to remember (Bonnet 
& Moore, 1982). 
2.1.1 Population survey 
Population surveys are based on "survivor phenomena", that is, some people have been 
removed from the driver population by stopping driving due to injury, others because 
of death, thus crashes resulting in the highest severity may be discounted. 
In a population survey of licensed drivers, 64% stated they had become drowsy whilst 
driving; 91% of these reported that their sleepiness was associated with sleep loss 
(Tilley et al., 1973). In a population survey of people of middle age, Martikainen et al. 
(1992) reported that 15% had fallen asleep whilst driving at least once. Ahuost 5% of 
men reported having fallen asleep at least 5 times whilst driving; 1.3% reported an 
accident or mishap due to having fallen asleep while driving. However, some 
participants took the view that their sleep related crash was possibly due to the 
influence of alcohol, and others to medication. 
2.1.2 Roadside Survey 
Philip et a!, (1999) carried out a roadside survey in France. Participants were also 
asked to answer questionnaires about their sleep/wake habits, and complete travel and 
sleep logs for the three days before their journey. The authors found that SO% of the 
drivers decreased their normal sleep time in the 24h before being interviewed, and 
hence driving; 12.5% by >3h. However, interviews were carried out between 0800-
2000h, thus no interviews of night-time drivers were carried out and although 18% of 
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participants were driving during the night, the authors, in their results, underestimate 
sleep deprivation in drivers. 
McCartt et a! (2000) reported on interviews with long distance truck drivers carried out 
at rest areas and at routine roadside truck safety inspections. 4 7.1% of respondents 
admitted to falling asleep at the wheel. However, the authors state that this should be 
regarded with caution, as should any self-reported data. 
2.1.3 Postal Questionnaires 
From analysis of questionnaires received as a result of mailing to car owners who had 
reported crashes to insurance companies, sleep or drowsiness was found to be a 
contributing factor in 3.9% of crashes (Sagberg, 1999). However, response rate was 
low, due, in part, to posting questionnaires to irrelevant cases. Only 31% of the 
questionnaires sent out were returned. This questions the validity of the findings. 
Returned questionnaires may not be a true sample as it was not possible to check 
whether the respondents differed from the non-respondents. Results were biased, then. 
From a postal questionnaire survey of male car drivers, Maycock (1996) found that 
29% of drivers had felt close to falling asleep at the wheel, and 9-10% of crashes were 
associated with tiredness. However, only 51% of questionnaires sent out were returned 
and most of the returns were non-injury crashes. Selection was biased towards age and 
sex, and there was no adjustment for alcohol or drug use. Importantly, drivers were 
asked to identifY tiredness subjectively themselves as a contributory factor to the crash 
but it is unlikely that drivers will admit to sleepiness as a causation of crashes or that 
they could remember if they felt tired (Home & Reyner, 2001). 
2.1.4 Telephone Surveys 
Based on a telephone survey of drivers/learner drivers in New York State, (McCartt et 
al., 1996) reported that almost 55% had driven while sleepy. 23% stated they had 
fallen asleep whilst driving, but had not had a crash, 3% claimed to have crashed due to 
falling asleep, and almost 2% had crashed when driving whilst sleepy. However, 
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drivers were asked to recall incidents which occurred a number of years previous. This 
approach could incur problems with remembering (see introductory paragraph to 
section). Some drivers associated their sleepiness whilst driving with alcohol or 
medication. 
Fell's (1995) approach was to use a telephone survey to question drivers about issues of 
sleepiness and driving. 4% reported crashes caused by driver fatigue, and 24% claimed 
they had experienced a near-crash due to tiredness or fatigue. Based on the assumption 
that crashes caused by driver sleepiness would be during long trips, a comparison group 
of drivers were chosen who had travelled for two hours or more. However, the results 
of the study showed that many crashes or near-crashes happened within the first two 
hours of driving. Fell also made the assumption that older drivers were failing to report 
previous incidents related to fatigue, as the drivers reporting SRCs were within the 21-
39 year age group. 
2.1.5 Sun'ey of roads 
Lynam et al. (2003) reported on findings from a European Road Assessment 
Programme designed to monitor the safety quality of roads. Roads were assigned 'star 
ratings' based on the number of crashes involving fatal and serious injuries per unit of 
traffic flow and the protection provided by the road environment. However, research 
has shown that the prevalence of road traffic crashes is largely due to driver behaviour, 
that is, driver error, rather than the road (Reyner et al., 2001). 
2.2 NATIONAL DATABASES 
Philip et al. (2001) extracted data from the national database of the French Ministry of 
Transport to determine the number of serious and fatal road crashes caused by driver 
fatigue. The authors applied Home & Reyner's (1995a) criteria to determine sleep 
related vehicle crashes and concluded that 10% of crashes were caused by fatigue. 
However, the methodology was used only after data had been transcribed onto the 
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database from questionnaires completed by police officers, that is, the criteria were not 
applied directly to the full accident files, the data at source. 
From statistics reported by the National Safety Council, USA, Leger (1994) calculated 
that 41.6% of all vehicle accidents were due to sleepiness during the hours when we are 
most prone to being sleepy (0200-0700hrs and 1400-1700hrs); 36.1% of all fatal 
accidents at these times. However, Webb (1995) points out that sleepiness was a "co-
factor" in some of these accidents, with alcohol, and bad weather, for example, stated 
as causes. Some crashes were related to sleepiness based only on time of day effect. 
Based on findings from other studies, Webb (1995) attributes a possible 2.5% of all 
motor vehicle accidents to driver sleepiness. 
2.3 DRIVER SIMULATOR STUDIES 
Driving simulators vary greatly, from simple PC based systems, to fixed 'real' cars 
using large visual simulated road displays (Home & Reyner, 1996a; Comte & Jamson, 
2000), to much more complicated systems, such as the NHTSA's National Advanced 
Driving Simulator in the USA, which consists of a large dome in which entire cars and 
the cabs of trucks and buses can be mounted, providing horizontal and longitudinal 
travel and nearly 360 degrees of rotation simulating 'real' driving effect with 
impending crash scenarios (NHTSA, 2003). Usually, three measurements for driver 
sleepiness are recorded in simulator studies: subjective sleepiness (self-reported 
measures of sleepiness showing participants' own perceptions, generally by use of 
numbered scales such as the Karolinska Sleepiness Scale (.Akerstedt & Gillberg, 1990), 
objective sleepiness (electroencephalography, EEG), and driving performance. 
Typically, crashes related to sleepiness are characterised by drivers drifting off the road 
or into another lane (Pack et al., 1995). Using a driving simulator, Home & Reyner 
used 'lane drifting' to measure the driving performance of sleepy drivers (Home & 
Reyner, 1996; Reyner & Home, 1997, 1998a, 1998b, 2000). However, 'simulated' 
roads can have few characteristics and, therefore, 'driving' deterioration may be over-
emphasised due to the monotonous characteristics of the simulated road, with few 
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changes in road layout, little 'traffic', and constant weather and light conditions 
(Crawford, 1961). 
2.4 MOTOR VEHICLE DRIVING ON ROADS AND TRACKS 
Studies have been carried out using drivers and instrumented cars on roads and on 
tracks. Summala et al. (1999) requested participants to drive during the night and then 
complete the same trip a second time as a passenger attending to safety and equipment. 
A criticism of such a study must include safety; sleepy drivers put lives at risk. 
Participants in the study carried out by Summala et al. were allowed breaks and could 
stop the experiment if they were too tired to continue, but tbe ethics of this 
methodology is questionable. Similarly, Richardson et al. (1997) requested drivers to 
complete successive trips on a motorway in the UK. Other studies have been carried 
out on closed circuits using dual controlled cars, for example, Baulk et al. (1998) found 
that changes in driver performance, that is, lane drifting, were similar in driving 
simulator studies as for track studies. 
2.5 POLICE RECORDS 
Research undertaken by Pack et a! (1995), Knipling & Wang (1994) and Zomer & 
Lavie (1990) emphasises the need for in-depth studies of police crash reports to 
determine the extent to which driver sleepiness is a cause of road traffic crashes. Pack 
et al. (1995) reported on findings from analysis of data collected from crash report 
forms completed by police officers attending injury and some damage only crashes. 
The authors attributed 0.46% of crashes to driver sleepiness, but concluded that since 
driver sleepiness was more difficult than alcohol for instance for police officers to 
detect, more crashes could be due to driver sleepiness other than those attributed by the 
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police. The authors drew attention to the variability in estimates of sleep related vehicle 
crashes because of different methods used by different police states in the US. 
Knipling and Wang (1994) stated that the reported number of crashes caused by driver 
sleepiness was dependent on the amount of information in police reports and from 
reports on crash investigations. Knipling & W ang (1995) used a set of criteria to 
review data previously analysed from police reports. They identified some "definite", 
"probable", and "possible" drowsy driver crashes which had not been attributed as such 
by the normal data coding process. The authors revised the estimates of crashes caused 
by driver sleepiness to 1.2 to 1.6% compared to the previous estimate of 0.9%. 
Zomer and Lavie (1990) reported that 0.5%-0.8% of all vehicle crashes were caused by 
driver sleepiness. From police crash files, decisions whether crashes were caused by 
driver sleepiness were made by a crash examiner after ruling out all other possible 
causes. However, the decisions were made from computerised databases and complete 
files were not viewed. It could be that police officers assigning causation factors may 
have overlooked crashes caused by driver sleepiness, rather categorising them as other 
causes such as 'inattention'; the police officers had received no training to 'recognise' 
crashes caused by driver sleepiness. Webb (1995) questions the validity and reliability 
of causation factors assigned to crashes. The author points out that some crashes 
attributed post hoc to other causes such as "inattention" or "over the centre line" may 
be attributable to driver sleepiness. 
Garbarino et al. (200la) studied a national database compiled of crash data on Italian 
highways submitted by the police and found that the number of crashes attributed to 
sleep was underestimated (3.2%), due to lack of training in detecting SRCs. Police 
suspected sleepiness as the cause of crashes based on single car crashes with no signs 
of braking and/or the car left the road on a straight line. The authors estimated sleep to 
be a contributing factor in 21.9% of vehicle crashes. Furthermore, Garbarino et al 
(200 I b) drew attention to crashes being attributed to speed when driver sleepiness was 
the main cause. 
Summala & Mikkola (1994) used a database of reports of fatal road accidents to 
determine SRCs. The methodology included inquiries made just after the accidents, 
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interviews with survivors, witnesses and relatives of the deceased, followed by 
discussions between a police officer, engineers, a physician and a psychologist. 
Summala & Mikkola reported that 10% of fatal accidents among car and truck drivers 
in Finland were caused by drivers falling asleep at the wheel or by fatigue. 
Knipling & Wang (1995) stated that criteria used by Fell (1994) to identify sleep 
related crashes could be over-inclusive and their findings could include some crashes 
not necessarily related to driver sleepiness; Knipling and Wang called for new 
approaches to investigate and determine the scope of the problem. Sagberg (1999) 
questioned the use of police reports as accurate sources of data for establishing the 
numbers of crashes due to driver sleepiness because of verification, and claimed that 
the problem is underestimated. In a consensus statement compiled by Akerstedt et al. 
(1994), the authors called for a uniform set of standard reporting criteria to accurately 
report the occurrence of sleep-related crashes, given that procedures being used were 
possibly underestimating the incidence of sleep-related vehicle crashes. 
2.5.1 UK collection of police data on Road Traffic Crashes/STATS19 
43 constabularies in England and Wales are responsible for policing our roads. Road 
Traffic Crashes involving injury are reportable under Road Traffic Legislation (Section 
170 of the Road Traffic Act 1988) and under STATS19 casualty reporting. Police 
officers attending the scene of a crash causing injury are requested to complete 
STA TS 19 and are advised to provide data as soon as returning to the police station. 
STATS20 and STATS21 are used by officers to define the detail of STATS19 data 
items and how they should be checked and supplied. Personal injury road crash 
statistics were first collected in 1909. The STATS19 collection system was first 
established in 1949 and the current system was implemented in 1979. STATS19 is 
managed and owned by the Standing Committee on Road Crash Statistics (SCRAS). 
Dissemination of data is the responsibility of the Department for Transport (Dff). 
The data collected by police officers form part of the National Road Crash Database. 
STATS 19 data are an integral part of road safety at international, national and local 
area level. At national and local level, they provide the basis for monitoring and 
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formulating policies to improve all aspects of road safety and road traffic legislation. 
Central government relies on this data for monitoring progress towards publicly 
declared targeted reductions in road casualties. This data also provides the basis for 
supporting education, training and publicity campaigns for reducing road casualties. 
Internationally, data contributes to programmes of work sponsored by the European 
Commission and the Organisation for Economic Co-operation and Development, to 
develop international road crash databases to support research and the exchange of 
information and best practice between countries. In 2000, police forces collected 
234,000 crash records, 430,000 vehicle records and 320,000 casualty records for central 
government. 
Using the STATS19 form, data is collected on objective factors categorised into three 
sections: 
• 'Crash Record Attendant Circumstances' which includes information on number of 
vehicles involved, location, time of day, light conditions, weather, road surface and 
site conditions 
• 'Vehicle Record' including type of vehicle and information about manoeuvres, 
location of vehicle at the time of the crash, such as vehicle entering or leaving the 
main road or carriageway, vehicle on the main carriageway, at a junction, or on a 
lay-by or the hardshoulder, information about skidding, jack-knifing or 
overturning, where the first point of impact was and part(s) of the vehicle which 
were damaged, whether the vehicle hit an object on or off the carriageway, such as 
roadworks, previous crash, roadside, nearside, central or offside crash barrier, and 
information about the driver, such as sex and age and whether a breath test had 
been carried out and the result. These details are completed for each vehicle 
involved in the crash. 
• 'Casualty Record' including severity, age and sex of each casualty, and whether or 
not each casualty was a passenger, (in a car or Public Service Vehicle), school 
pupil or pedestrian. 
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As already stated, formulation of policies and monitoring of road safety requirements, 
both nationally and locally, rely on this STATS 19 data. However, there are problems 
with STATS 19. These include: 
1) Collection of such data is a voluntary process. There is no specific statutory 
requirement for the police or local authorities to report ST ATS 19 data on road 
crashes to central government. 
2) The level of detail is limited, and data can vary to reflect different local road safety 
requirements (Minton, 2000). 
3) The original STATS19 system included data on 'contributory factors', that is, 
factors which the reporting officer considered had contributed to the causation of 
the crash. Collection of these data ceased in 1959 because of doubts of reliability. 
However, the Transport Research Laboratory (Broughton et al., 1996) reported that 
over half of the police forces in England and Wales were continuing to record 
contributory factors, but because there was no national recording system, crash 
causation in different areas could not be compared. In 1996 a scheme was trialed 
by eight police forces which entailed police officers coding as precipitating factors 
the critical failure or manoeuvre which led to the crash, and coding contributory 
factors which contributed to the failure or manoeuvre. 'Fatigue' is included as a 
contributory factor/cause code but note that even when causation factors are 
recorded these can be incorrect because of lack of police training in identifYing 
crashes caused by driver sleepiness. An example is crashes attributed to "tyre 
blowout". Some of these may be due to sleepiness; the tyre defect was a tyre 
"blow-in" rather than a "blow-out", that is the defect may be as a result of the 
crash due to impact (see Chapter 5). 
4) STATS19 forms are filled in for injury road traffic crashes, but national data on 
non-injury crashes ('Damage Only') is unavailable; estimates are made from 
vehicle insurance records. 
5) STATS 19 data are collated locally by a central local authority processing unit or 
sub-contracted to a private consultancy. Transference of data from the forms to the 
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local authority database and then to the Government database means that statistics 
presented are prone to error (Walmsley et al., I 998; Hop kin et al., cited in Minton, 
2000). 
Thus there is a partial tmder-reporting of the situation and for these reasons, when 
determining the number of road traffic crashes caused by driver sleepiness, ST A TS 19 
is an unreliable source of data. 
The STATS19 system has been subject to a recent government quality review (2002) to 
identifY any modifications needed to be made to this national data collection system of 
road crash injury statistics. The review considered concerns about reporting, and 
standard formats for the supply of STATS19 data to Dff, and was organised in 
accordance with the National Statistics Quality Assurance Prograrurne Board guidance 
paper 'Commissioning a National Statistics Review' following the Government's 
White Paper 'Building Trust in Statistics'. Suppliers and users of STATS19 were 
consulted concerning the content and coverage of ro(ld crash information collected by 
the existing system. Issues under discussion included, for example, the accuracy of the 
location of the crash, clarity of reporting severity of injury, concerns about reporting 
and coding practices, a discussion of a two tier reporting system whereby self reported 
accidents use a 'reduced' ST A TS I 9 form, proposals for the addition of new variables 
and values such as 'at work crashes' (thus including questions about journey purpose) 
and 'damage only' crashes. In addition, the development of a standardised local report 
form is also being discussed. (Note that currently, police officers complete their 
constabulary's crash report forms for injury crashes, although these vary considerably 
from Force to Force- see Chapter 4, Methodology). Following the 1997 Quinquennial 
Review (as a result of the 1996 study carried out by TRL) some local authorities had 
strong reservations about the possibility of legal complications that might arise from 
comparisons of crash causation between authorities. Some authorities claim that local 
causation analysis collected on a national basis would not be effective in guiding local 
police enforcement activity and local authority road crash prevention schemes. Their 
view is that existing local collection systems are already effective. The 2002 review 
addresses whether this information should be collected on a voluntary basis. The 
Standing Committee on Road Crash Statistics, set up in 1977 to oversee the new 
ST A TS 19 process for road crash data collection, will decide on what changes should be 
made to the data collection process and will present its recommendations to the 
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Minister for Road Safety for approval, with a proposed implementation date of 1 
January 2005. Note that the proposed national contributory factor form includes 'Sleep 
related accidents'. 
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CHAPTER3: 
OVERVIEW OF ROAD TYPES STUDIED 
3.1 CLASSIFICATION OF ROADS 
In the UK, motorways and all class 'A' roads are termed 'Major roads'. All-purpose 
trunk roads are class 'A' roads, as are most 'principal' roads. 'Principal roads' are 
important regional or local roads for which the local authority is the Highway 
Authority. The trunk road highway authority in England is the Secretary of State with 
certain responsibilities delegated to the Highway Agency. In Wales, the highways 
authority is the National Assembly for Wales and in Scotland, The Scottish Executive 
is the trunk road highway authority. 'Non-trunk' roads are looked after by local 
highway authorities and are of regional importance. The 'A' road network is made up 
of dual, varying and single carriageways. 'Minor roads' comprise 'B' and 'C' 
classified roads and unclassified roads. Unclassified roads are those in the least 
important categories, ie local distributor and access roads. 'Built-up' and 'non built-
up' roads are now redefined (DfT, 2003a). Previously, built up roads referred to those 
with speed limits of 40mph or less, and non built-up roads had speed limits over 
40mph. Roads are now classified according to whether they are situated within the 
boundary of an urban area, rather than their speed limit. 'Urban' roads are major and 
minor roads within an urban area with a population of I 0,000 or more. 'Rural' roads 
are major and minor roads outside those urban areas (DfT, 2003a). 2002 figures for 
Great Britain indicate 3,476 km of motorways, 46,665 km of 'A' roads and 30,192 km 
of 'B' roads; other roads amount to 311,319 km (OfT, 2003a). 
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3.2 CRASHES ON DIFFERENT ROAD TYPES 
Research has shown that Europe's safest roads are its motorways. These fast, high 
capacity roads have a high density of crashes (all causes), but because they have high 
traffic flows, the total risk is divided between a large number of drivers so that the risk 
for any individual motorised road user on motorways is relatively low (Lynam, 2003). 
Relatively few (around 5%) of road deaths are on motorways despite the traffic they 
carry (Dff, 2003a). The fatal and serious crash rate on the 'A' roads is about four 
times that of the motorways. 9% of deaths outside built-up areas are on motorways; 
19% on dual carriageway, 72% on single carriageways. Fatal and serious crash rates 
on dual carriageways average less than half for single carriageway; mixed sections of 
roads are about 70% of the single carriageway rate (Lynam, 2003). Most serious 
injuries are inside built-up areas. In 2002, the number of killed or seriously injured 
casualties amounted to 1,507 on motorways, compared to 19,335 on 'A' roads (urban 
and rural), and 18,471 on other roads (urban and rural) (Dff, 2003a). 
However, the motorways are not the safest roads for Sleep Related Crashes. Straight 
roads with unstimulating environments, may result in run off the road crashes through 
driver fatigue (EuroRAP, 2003). Long, undemanding and monotonous driving, typified 
by motorway driving, is a task prone to sleepiness, as fatigue can be associated with 
processing too little information (Finkelman, 1994; Desmond & Matthews, 1997). 
Mavjee & Home (1994) found that boredom increases tiredness. Home & Reyner 
(1995a) reported on the considerable occurrence of sleep related crashes on 
monotonous roads that were undemanding of the driver. Shafer (1993) stated that 
crashes caused by driver sleepiness may account for 40% or more of fatal crashes on 
long stretches of motorways. Similarly, McCartt et al. (1996) reported 40% of crashes 
caused by driver sleepiness occurred on a highway or expressway. Sagberg (1999) 
stated that the prevalence offalling asleep while driving is likely to be higher in the US 
than in Norway as roads in Norway were, on average, more hilly and curved, and dual 
carriageway roads make up a relatively small part of the road network. 
However, a direct link has been shown with road traffic crashes and 'bendiness of the 
road'. Home & Reyner (1996b) drew attention to the occurrence of sleep crashes on 
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certain 'bending' sections of an 'A' road. It was noted that there were unprotected 
laybys located at the apex of right-hand bends and that vehicles parked in these laybys 
were particularly at risk of being hit by vehicles drifting off the carriageway at the 
bends. Using a driving simulator Lenne et al. (1997) found that the fatigued driver 
drifted towards the left hand edge of the left lane in both curved and straight sections of 
roads. Similarly, in a track study, Riemersma et al. (1977) found lane drifting caused 
by lack of sleep and night driving. 
This thesis reports on samples of data showing the location of sleep related crashes vis-
a-vis continuous straight sections of road and road bends. Data is also presented on the 
location of SRCs on a motorway to a port. In Home & Reyner's preliminary study 
(1996b) the authors found that the number of SRCs occurring eastbound, towards the 
port, were greater than the number westbound. Is there a similar pattern for a section of 
road considered in this study? 
3.2.1 Urban and Rural Roads 
The majority of road deaths (all causes) in the UK are on rural roads and although 
casualty rates are falling, this is happening at a slower rate on rural roads. 60% of all 
deaths occur on rural roads (EuroRAP, 2003). Traffic is estimated at 70.2 billion 
vehicle kilometers for cars on motorways, compared to 11.6 billion vehicle kilometers 
for all goods vehicles. On urban major roads (trunk and principal) estimates are 68.2 
billion vehicle kilometers for cars compared to 2.9 billion vehicle kilometers for goods 
vehicles; on rural major roads (trunk and principal) 109.1 billion vehicle kilometers for 
cars compared to 10.1 billion vehicle kilometers for goods vehicles (Dff, 2003b). 
Maycock (1996) reported that tiredness as a contributory factor in crashes varied 
according to road type. In motorways, tiredness was cited as a contributory factor in 
20% of crashes, compared to 14% of crashes when driving on rural roads and 7% of 
crashes when driving in built-up areas. Home & Reyner (1995a) reported that 16% of 
crashes on non-urban roads were sleep-related. 
2S 
Zomer and Lavie (1990) found that 75% of sleep related crashes occurred outside urban 
areas, while Fell (1995) reported that 43% of fatigue crashes occurred in rural areas 
compared to 13% of non-fatigue crashes. However, Fell (1997) reported that 42% of 
driver fatigue crashes caused by drowsy, fatigued or asleep drivers in New South 
Wales, Australia, occurred in a city. 43% of incidents related to fatigue occurred on 
short trips or close to the start of a trip. Fatigue incidents were more likely to occur 
whilst driving to or from work than on long distance holiday trips, that drivers were 
close to their destination at the time of the crash (within 15 minutes) and the trips had 
been intended to be no more than 2 hrs long. Fell and Black (1997) concluded that 
driver fatigue is as much a city problem as a country problem. 
3.2.2 Artificial and Natural Lighting 
Does roadside lighting have an effect on the number and proportion of crashes that are 
caused by driver sleepiness? If there is an effect, is this different for motorways and for 
non-motorway roads? If artificial lighting has an effect, does natural lighting have the 
same effect? Is this effect the same on motorways and other roads? These are 
questions that this thesis .seeks to answer. See introduction to Chapter 7. 
3.2.3 Traffic Density 
The effect of differing 24h traffic densities as well as 2h flows throughout the 24h 
period for motorways and non-motorways is presented and discussed in this thesis. See 
introduction to Chapter 8. 
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CHAPTER4: 
METHODOLOGY 
This thesis reports on road audits of crash data held by eight UK police forces: 
Gloucestershire Constabulary, Kent County Constabulary, Lincolnshire Police, West 
Mercia Constabulary, Northamptonshire Police, North Yorkshire Police, Staffordshire 
Police and Warwickshire Constabulary. Analysis of the data was carried out to find out 
who has road traffic crashes (sex, age and occupation), and, more specifically, who has 
crashes caused by driver sleepiness, when these crashes occur (time of day, week and 
year), and where (road type and location), what vehicle the driver was in at the time 
he/she caused the crash, and what the result ofthe crash was (severity). 
4.1 DESIGN 
Seventeen sections of roads with differing 24h traffic density and other characteristics 
were selected. Data was collected from files of crashes occurring on major roads, that 
is, on motorways that are lit and unlit, rural and urban motorways, and on a motorway 
servicing 24h seaports. Findings are also presented on 'Other roads', that is, 'A' trunk 
dual carriageways, 'A' varying carriageway, 'A' trunk and non-trunk single 
carriageways,, and a minor 'B' single carriageway. See Appendix 1 for descriptions of 
each section of road. 
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4.2 DATA COLLECTION 
There is no UK national database identifYing sleep related crashes (see Chapter 2). 
However, police forces collect data on crashes involving personal injury occurring on 
the public highway in which at least one vehicle is involved and which becomes known 
to the police within 30 days of its occurrence. One crash may give rise to several 
casualties. Additionally, some police forces collect data on crashes resulting in 
'damage only' (see Chapter 9). 
Constabularies responsible for policing each section of road were identified and contact 
was made with police traffic officers in order to confirm the characteristics of the roads 
considered, and that files were still in storage. Police forces operate different policies 
regarding the length of time they retain their files, although files on crashes resulting in 
fatal injury must be retained for a minimum of 5 years. In addition, contact was made 
with local government road safety offices responsible for data collection on roads 
within the police force area, to establish the number of road traffic crashes causing 
death or injury occurring on the particular section of road during a given period of time. 
Summaries of traffic flows were sought from organisations contracted out by the 
Highways Agency to collect data. Letters were sent to the Chief Constable of each 
police force seeking permission to collect data On receiving permission to carry out 
the audits from senior police officers, forms were completed pertaining to the Data 
Protection Act, and crash reference numbers and dates were obtained for each section 
of road during the specified two year period. 
Arrangements were made to visit the Criminal Justice/ Accident Support Unit of each 
police force to view sample files to ascertain that sufficient variables for each data 
collection were available. 
4.2.1 Police files 
The primary data were collected from police Crash Report Forms completed by the 
officer attending the scene of a crash resulting in death or injury. Police Accident 
Report Forms vary considerably from force to force, from a two-sided A4 accident 
28 
report card, to an A4 sized booklet of 18 pages of data collection and notes on how to 
complete each section of the report. Some constabularies collect data on accidents 
causing 'Damage Only' using the same forms as for injury accidents, others collect use 
a small report card to collect considerably less data, and others collect no data at all on 
non-injury accidents. Another type of road traffic incident is termed 'General' or 
'Minor Incident'. These minor incidents cause neither injury to persons nor damage to 
vehicles, but may cause damage to roadside furniture. They are usually single vehicle 
accidents, have no paper files but are recorded by some police forces on their computer 
systems; other forces have no accounting for such 'incidents'. However, considering 
that a number of crashes caused by driver sleepiness are single vehicle crashes (see 
Chapter 1) it could be that a substantial proportion of these incidents could be sleep 
related. 
Police accident reporting forms include the crash reference number and date, time of 
day and day of week of the crash, descriptive information about the general location of 
the crash and more specific locations such as Eastings and Northings for mapping the 
location or the nearest Markerpost number, and the name and address of the drivers 
involved. Some times the occupation of the driver is recorded. There is space for the 
reporting officer to note a description of the crash, and some accident report forms 
include space for a brief explanation by the drivers at the scene of the crash. 
Documentation also examined for this thesis included witness statements, that is, 
statements of the driver deemed responsible for the cause of the crash, statements from 
witnesses who were drivers and passengers in the vehicles involved, as well as 
statements from independent witnesses and postal questionnaires. All other evidence 
included in the crash file, such as tachographs, photographs of the scenes of the giving 
a clear indication of the crash site, photographs of the vehicles involved to see vehicle 
damage (note that the first point of impact is indicated on the police crash report form), 
vehicle examiner's report giving details of pre-existing defects together with an 
assessment of whether or not these defects may have contributed to the crash, sketch 
plans showing the location of the crash, and all correspondence relating to the crash, 
such as printouts of telephone calls made by the reporting officer were also examined. 
In the case of fatals, and some crashes resulting in serious injuries, a full 'Crash 
Investigation Report' is included in the file providing a summary of the circumstances 
leading up to the crash, a detailed reconstruction of the crash, including calculations of 
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pre-impact speeds based on marks fmmd on the road surface, and the pathologist's 
post-mortem report which includes blood alcohol concentrations, comments on medical 
issues including cause of death. In addition, ST ATS 19 information was available for 
every crash, and examined. This included information about the weather at the time of 
the crash, the light conditions, road surface conditions and if there were special 
conditions at the scene of the accident such as road works present, any road surface 
defect, any carriageway hazards such as a dislodged vehicle load or animal in the 
carriageway, details about the vehicles involved, including type and direction of the 
vehicle, whether the vehicle skidded or overturned, details about all drivers involved in 
the crash, such as age, sex, whether the drivers were breathalysed and the results, 
details about the casualties such as sex and age, severity of injuries, whether they were 
a driver, passenger (in a car, or Public Service Vehicle), or pedestrian. 
2096 files on Road Traffic Crashes resulting in death, serious or slight ilijury on the 17 
sections ofroads were viewed. Of these 2096 records, 94 (4%) were categorised as 
missing, being unavailable to view for reasons such as files were at Court, or were 
unable to be classified into causation categories due to lack of information. Thus, this 
thesis reports on 2002 Road Traffic Crashes resulting in death or injury. 
4.2.2 Traffic Flow Data 
Annual Average Daily Traffic Flows (AADTs) and 2 hourly flows over the 24h period 
were obtained from agencies contracted out by the Highways Agency, and on one 
occasion from the police. Data was requested from northbound/eastbound and 
southbound/westbound sites from specific locations for each section of road. Raw data 
was received in a variety of formats, and the mean traffic flowfor each 2h period and 
AADT over 7 days, weekday, weekend or month was calculated and plotted using 
Excel (see Chapter 9). 
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4.2.3 Severity of Crashes Causing Death or Injury 
Road Traffic Accidents involving injury are reportable under Road Traffic Legislation 
Section 170 of the Road Traffic Act 1988, and under the DIT STATS 19 system. The 
Road Traffic Act states that it is the duty of the driver to stop and report an accident 
and to give information or documents in cases where, owing to the presence of a motor 
vehicle on a road, an accident occurs on a main carriageway or highway where there is 
personal injury to a person other than the driver, or damage is caused to a vehicle other 
than that motor vehicle or trailer drawn by that motor vehicle, or, to an animal other 
than an animal in or on that motor vehicle or trailer drawn by that motor vehicle, or 
damage is caused to any other property constructed on, fixed to, growing in or 
otherwise forming part of the land on which the road in question is situated or land 
adjacent to such land. STATS 19 casualty reporting identifies "casualties" to be those 
killed or injured in a RTC. This includes: persons who move quickly to avoid a vehicle 
but in so doing incur an injury; pedestrians injuring themselves on parked vehicles, and 
persons who fall from a vehicle and injure themselves. It excludes death or injury to 
babies unborn up to the time of the accident, death due to natural causes ( eg heart 
attack), confirmed suicides, persons who are merely shaken and who have no other 
injury, and accident witnesses (not directly involved) who suffer shock. A 'Fatal 
accident' is one in which at least one person is killed (but excluding confirmed 
suicides) within 30 days of the date of the accident. 'Serious injury' is identified by 
detention in hospital as an in-patient (either immediately or later), or any of the 
following injuries whether or not the person is detained in hospital; fracture, internal 
injury, bums (excluding friction bums), severe cuts and lacerations, crushing, 
concussion, severe general shock requiring medical treatment, and death occurring 30 
or more days after the accident. 'Slight injury' includes: minor injuries not necessarily 
requiring medical attention, whiplash, sprains, bruises and cuts not judged to be severe, 
and slight shock requiring roadside attention. This category includes not requiring 
medical attention (DIT, 1999). 
Note that the Government's quality review of road accident injury statistics is 
addressing proposals for changes in severity definition (see Chapter 2). 
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4.3 DATA ANALYSIS 
4.3.1 Criteria for Sleep Related Crashes 
Background 
The methodology for this thesis is based on criteria formulated by Home & Reyner 
(l995a) during a pilot study of road traffic crashes occurring on the M180/A180 in 
South Humberside. Home & Reyner carried out analysis of driver sleepiness as a 
causal factor of crashes on this section of road (Home & Reyner, 1996a). The authors 
used their set of criteria to establish whether crashes were 'possibly' or 'probably' 
caused by sleepy drivers. They found that sleep related crashes accounted for a 
disproportionately high number of fatalities and serious injury crashes; 35% of all road 
traffic crashes occurring on this stretch of road. 
Criteria 
Road Traffic Crashes (RTCs) were categorised into 'not a Sleep Related Crash (SRC)', 
'possible SRC', or 'probable SRC' using Home & Reyner's criteria (see above) as 
shown below: 
I. Good weather conditions and clear visibility 
2. Breathalyser/blood alcohol levels below the legal driving limit 
3. No mechanical defects to the vehicle 
4. Elimination of 'speeding' and 'driving too close to the vehicle in front' 
5. Driver had no known medical disorder to cause accident. 
6. Vehicle either ran off the carriageway, or ran into another vehicle that was clearly 
visible for several seconds beforehand - i.e. the incident was easily avoidable, and 
implying prolonged inattention 
7. No signs of pre-impact emergency swerving or braking e.g. no skid marks before 
the impact 
8. The police officer at the scene suspected 'sleepiness' 
32 
If all criteria 1-7 applied then the crash was a 'possible' SRC. The inclusion of 
criterion 8 classified it as a 'probable' SRC. The absence of this last criterion when 
criteria 1-7 is applied does not imply that the investigating officer excluded sleepiness. 
The driver may or may not have admitted to having fallen asleep. 
4.3.2 Computer Software 
Microsoft Access was used for the data collection. Databases were created for each 
section of road with 40 variables. Initially, data tables with crash reference numbers 
and dates were created, together with column headings for each variable. Forms were 
designed (see Appendix 2) with 'drop down' boxes to aid consistency in wording for 
all data collections. The contents of each crash file were examined and data was 
collected for each variable using one form for each crash. Home & Reyner' s criteria 
(see above) were used to determine whether the crash was possibly or probably sleep 
related and this was indicated on each form. Where the crash was not sleep related an 
alternative causation was assigned. 
Access 'Queries' were designed and used for basic analysis when data collection was 
complete. The Statistical Package for the Social Sciences (SPSS) was used for 
statistical analysis, the files created from the Access databases. The WINGS 
Geographical Information System was used in conjunction with Access to create maps 
and plot locations of Sleep Related Crashes. Excel was used to plot data for figures. 
The National Statistics Standard Occupation Classification system was used to classify 
occupation of drivers 
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CHAPTERS: 
RESULTS 
This chapter reports the findings from the analysis of up to 2002 police report files on 
road traffic crashes occurring on the main carriageways of the 17 selected sections of 
roads. It is indicated at the beginning of each sub-section where data was incomplete 
for certain variables. For Methodology see Chapter 4. 
5.1 CAUSATION 
Road Traffic crashes (RTCs) were assigned a causal factor according to the primary 
reason for the crash occurring. Causal factors were attributed to each crash whilst 
viewing all police documentation (see Chapter 4: Methodology), ie at the time of data 
collection. This eliminates any recall bias. Note that causal factors were applied to this 
raw data rather than using those attributed by others such as police personnel 
transcribing onto summary databases such as STATS 19, used by others to report on 
road traffic statistics. This eliminates any bias which may occur as a result of others 
failing to detect Sleep Related Crashes by not having the full police files which include 
witness explanations and statements, and unable to correctly apply the criteria. Using 
published criteria (Home J. A. & Reyner L.A., 1995a), crashes were attributed to being 
'possibly' or 'probably' sleep related. Additionally, crashes were attributed to driver 
sleepiness as a causal factor by process of eliminating all known alternative 
explanations. 
Causation factors were attributed to 2002 Road Traffic Crashes occurring on the 17 
different sections of roads. The proportions of crashes attributed to driver sleepiness 
could then be reported. The criteria as discussed in chapter 4 were used to establish 
whether the cause of the crash was 'possibly' or' probably' sleep related. Unless stated 
otherwise, crashes attributed to driver sleepiness in this field study refer to both 
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'possible' and 'probable' SRCs. In addition, it was interesting to see the proportion of 
crashes as a result of other causal factors and how these compared to the proportion of 
SRCs. 
The primary causation factor for each crash is shown in Figure I. Note that 
'manoeuvre error' includes errors such as lane swapping, overtaking and undertaking, 
'U' turns, 'pulling out'. 'Speed' includes driving too close for the road and weather 
conditions. The 'Shunt' category includes too fast/too close for weather and road 
conditions, and road layout. 'Distraction' includes, for example, attending to the car 
radio/CD player. 'Other' includes road rage, and, drivers leaning out of car windows to 
throw bottles or gum. 
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Figure 1: RTCs and Causation 
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Tltese results show that 18% of all road traffic crashes were possibly or probably 
caused by driver sleepiness (N=358). 
It is clearly evident from the pie chart that RTCs were largely attributed to driver 
impairment, which includes Sleep, Alcohol, Distraction. Driver Illness, Drugs. 
Manoeuvre Error . Shunts, Driving too fast and/or too close for conditions, and Speed 
(N=1568. 78% of RTCs). A large propo11ion of these were attributed to driver 
manoeuvre error (28.5%, N=57 1 ), and by shunts and driving too close or too fast to the 
vehicle in front (22%, N=440). Alcohol and d rugs accounted fo r small proportions of 
the total crashes (3.3% of RTCs N=67 and 0.3% N=6 respectively). 1 S 1 RTCs were 
attributed to tyre blowouts or deflated tyres in the police crash report forms (7.5%). 
5.2 VEHICLES INVOLVED 
5.2.1 Vehicle Type 
Data for the type of vehicle involved in RTCs was available for 1861 crashes. Table 1 
shows RTCs (N=1861) and SRCs (N=32 1) by vehicle type. Note that some police 
records are not clear about vehicle type. At times, it was difficult to differentiate 
between light, medium or heavy goods vehicles. 'LGV' can mean Light Goods 
Yehjcles, those vehicles up to 3.5 tonnes maximum pennissible gross vehicle weight, 
or Long Goods Vehicle. ' MGV' refers to Mediwn Goods Vehicles ie vehicles 
between 3.5 and 7.5 tonnes, and ' HGV' refers to Heavy Goods Vehicles. ie those 
vehicles over 7.5 tonnes maximum permissible gross vehicle weight. HGVs and 
MGVs are regulated vehicles and legally require tachographs. Note t11at 'Vans' on 
police report forms may include vehicles of the van type constructed on a car chassis, 
or. goods vehjcles. ' Other Vehicles' includes those such as motor caravans. 
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Ratio of 
Vehicle Type RTCs (%) SRCs (%) SRCs to p 
RTCs 
Car 1266 (68%) 2 17 (68%) 0. 171 n.s. 
Coach 8 (0.4%) 2 (0.6%) 
Cycle J (0.2%) 0 
HGV 381 (20%) 75 (23%) 0. 197 n.s. 
MOV 7 (0.4%) I (0.3%) 
LGV 41 (2%) 8 (2%) 
Van 107 (6%) 18 (6%) 0. 168 n. s. 
Mcycle/Mscooter 37 (2%) 0 
Minibus 8 (0.4%) 0 
Other 3 (0.2%) 0 
Total 1861 321 
Table I: RTCs and SRCs Vehicle Type 
There was little difference between vehicle types for RTCs and SRCs. 68% of crashes 
were attributed to car drivers. 22% of all crashes and 25% of sleep related crashes 
were attributed to drivers of goods vehicles. If vans are included then the proportions 
for both rise by 6%. The ratio of SRCs to RTCs for HGVs was 0.197 compared to 
0.171 for cars and 0.168 for vans. There is no difference in the proportions of SRCs 
and RTCs anributed to cars. The difference between the proportions of SRCs and 
RTCs attributed to HGVs is not statistically significant (t = 1.23 < 2.92. n.s. ). This is 
also true for vans (t = -0.07 < 2.92 n.s.). 
5.2.2 Vehicle Type and Time of Day 
Data for time of day and vehicle type was available for 1857 RTCs . 11% of crashes 
attributed to car dJivers occurred between midnight and 0600h. The proportion of 
HGVs/MGVs/LGVs during these same early morning hours is s imilar at 13% 
(including or without vans). Of all RTCs occurring between midnight and 0600h, 67% 
were attributed to car drivers compared to 26% by drivers of HGVs/MGVs/LGVs 
(3 1% if van drivers are included). See Table 2. 
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I I 
I coach 
M cycle/ 
Time of Day Car Cycle HGV MGV LGV Van M scooter Minibus Other Totals 
0000-0159 46 0 0 6 0 0 2 I 0 0 0 54 
--
0200-0359 44 0 0 19 1 1 5 1 0 0 7 1 
0400-0559 55 1 0 29 0 1 4 I 0 1 0 91 
0600-0759 92 0 1 33 1 5 13 2 0 0 I 147 
0800-0959 11 3 1 0 0 I 30 1 7 12 3 0 0 166 
1000-1159 151 1 2 0 I 64 2 2 13 4 2 0 240 
1200-1359 156 I 3 0 I 44 1 6 12 3 1 2 _l_ 228 
1400-1559 154 l 0 1 I 48 1 4 18 5 0 1 232 
1600-1759 182 I 1 1 49 0 6 16 10 2 0 267 
1800-1959 130 1 0 31 0 5 7 I 4 2 0 180 
2000-2159 93 I 0 0 15 0 I 2 4 0 0 115 
2200-2359 49 0 0 12 0 2 3 0 0 0 66 
Totals: 1265 8 3 380 7 40 107 36 8 3 1857 
Table 2: Vehicle Type f or R TCs by Time of Day 
- - ------ -----------------
For SRCs, data were avai lable for 32 1 crashes. See Table 3. 27% of all crashes 
attributed to car drivers occurred between midnjght and 0600h, compared to 37% of 
HGV /MGV /LGV drivers including or without van drivers during the same hours. Of 
all SRCs occurri ng between midnight and 0600h, over half (61 %) were attributed to car 
drivers. compared to 32% by drivers of HGVs/MGVs/LGVs (39% if van drivers are 
included). Table 3 also shows that the ratio of SRCs to RTCs was highest from 
midnight and during the early how·s of the morning. 
I coach IMGV kcv !va n Ratio of SRCs Time of Day Cat' HGV Totals SRCs Totals RTCs to RTCs 
0000-0159 24 0 4 0 0 I 29 54 0.537 
-- r----o 
,___ 
--
-
0200-0359 13 12 0 I 3 29 71 0.408 
0400-0559 22 0 14 0 0 3 39 91 0.428 
0600-0759 20 0 I 7 0 I 2 30 147 0.204 
0800-0959 19 0 I 6 I 3 2 3 1 166 0. 187 
1000- 1159 18 I 8 0 0 I 28 240 0.11 7 
1200- 1359 20 I 6 0 I 2 30 228 0.131 
1400- 1559 2 1 0 4 0 0 I 26 232 0.11 2 
1600-1759 20 0 6 0 0 0 26 267 0.097 
1800- 1959 17 0 1 I -1---- 0 I I 20 180 0.1 11 
2000-2 159 12 ~ r 2 0 0 0 14 11 5 0. 122 -- 11 - r--- 1- 1--2200-2359 5 0 2 19 66 0.288 -- - 1----Totals: 2 17 75 I 8 18 32 1 1857 
Table 3: Vehicle Type for S RCs by Time of Day and Ratio of SRCs to RTCs 
5.2.3 Single Vehicle Crashes and Multiple Vehicle Crashes 
Data was analysed for the number of vehicles involved in RTCs and SRCs and was 
available for 1583 crashes and 283 sleep related crashes. RTCs ranged from single 
vehicle crashes to a crash where 23 vehicles were involved. The number of vehicles in 
SRCs ranged from 1-7. Table 4 shows that 27% ofRTCs were s ingle vehicle crashes, 
whereas for SRCs the proportion was higher as almost half of all sleep related crashes 
(44%) were single vehjcle crashes. The difference between the proportions of SRCs 
and RTCs that involved sing le velucles was statistically significant (t = 5.47 > 2.92, p = 
0.05). For 2 vehicles the difference was not significant (t = 1.09 < 2.92, n.s.). For 3 
vehicles, the difference was significant (t = 3.1 6 > 2.92. p = 0.05) and for 4 vehicles, 
the difference was significant (t = -4.3 > 4.303, p = 0.025). 
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No. of Ratio of SRCs p 
Vehicles RTCs (%) SRCsj_0/~ to RTCs 
1 426 (27%) 125 (44%) 0.293 0.05 
2 756 (48%) 125 (44%) 0. 165 n.s. 
3 24 1 ( 15%) 26 (9%) 0. 108 0.05 
4 91 (6%) 5 (2%) n.s. 
5 34 (2%) 0 
6 18 (1 %) I (0.3%) 
7 8 (0.5%) I (0.3%) 
8 1 (0.06%) 0 
9 3 (0.2%) 0 
12 I (0.06%) 0 
13 I (0.06%) 0 
15 I (0.06%) 0 
16 I (0.06%) 0 
23 I (0.06%) 0 
Total 1583 283 
Table 4: Nos. of Vehicles involved in RTCs a.nd SRCs 
5.3 SEVERITY AND NUMBER OF CRASHES 
Severity of injury was assigned to crashes according to the maximum injury-type 
incurred by the driver, passengers and other road users as a result of the crash. Injuries 
other than the max imum are not identified. The severity of injury as a result of RTCs 
and SRCs on the 17 sections of roads is shown in Table 5. Note that data was 
unavailable for 4 RTCs. 
4 1 
SEVERJTY RTCs (%) RCs (%) Ratio of SRCs p 
to RTCs 
Fatal 64 (3%) 18 (5%) 0.281 
Serious 349 (17%) 86 (24% 0.246 lo.o5 
Slight 1585 (79%) 253 (7 1%) 0.160 
Mjssing 4 1 
Total No. 2002 358 
Table 5: Severity of RTCs and SRCs 
29% of crashes possibly or probably caused by driver sleepiness resulted in fatal or 
seri ous injuries. compared to 20% for RTCs. This was stati stically s igni ficant: 
t = 3.23 > 2.92, p = 0.05. Note that 28% of all fatal crashes were possibly or probably 
caused by sleepy drivers. One quarter of all crashes resul ting in serious inj uries were 
s leep re lated. 
The number of casualties is not always recorded on police records. However. data was 
ava ilable for 1547 RTCs. 2488 casualties resulted from these crashes, an average of 
1.6 casualty per RTC. Data was available for 277 o f the sleep related crashes. 4 16 
casualties resulted from these SRCs. an average of 1.5 casualty per SRC. 
5.4 TJME OF DA V/WEEK/MONTH 
Data was ana lysed from the 17 sections of roads to see if there is a time of day, day of 
week, month or season effect for both RTCs and SRCs. 
5.4.1 Time of Day 
Data was available for 1997 of the RTCs ( 17 roads). Of these, 358 were sleep related. 
Typically. crashes (all causes) were low during the night/early hours of the morning. 
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Although RCs were more e enl distributed o er the 24h period, the ratio of R s to 
RT s during midnight and 0200h was 0.534; 0.441 between 0200h and 0400h. and 
0.434 between 0400h and 0600h. 30% of RCs occurred between midnight and 0600h 
compared with 12% of all era hes during the same hours (note that this 12% includes 
R s). There was a highly significant difference between the proportion or R that 
occurred between 0000-0600h and the proportion of RTCs during tht:sc same hours: 
t = 7.4 > 6.965, p = 0.01. 
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5.4.2 Time of Day and everity of Injuries 
Figures 3 hows the number of RTCs and RCs resulting in fatalitie by time of day: 
data was available for 64 RTCs and 18 R . Noticeably. aJmo t all of the fatal 
occurring between 0400 and 0600h were sleep related (ratio of RCs to RT s = 0.833). 
One third of al l fatal SRCs occurred between 0200 and 0600h: note that RTCs include 
RCs and when RCs are subtracted. only 6% of crashes due to other causation factors 
occurred during this same 4h period. The ratio of SRCs to RTCs was high at 1400-
1600h (0.429) and, interestingly, at 0800-1 OOOh (0.4), compared to other times during 
the 24h period. 
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Figure 3: Fatal RTCs and SRCs by Time of Day 
Figure 4 shows the number of RTCs and SRCs resulting in serious injuries by time of 
day: data was available for 348 RTCs and 86 SRCs. The ratio of SRCs to RTCs was 
highest during the late night/early hours of the morning, particularly from midnight to 
0200h (ratio= 0.6). There was a significant difference between the proportion of SRCs 
occurring during 0000-0600h resulting in fatal and serious injury compared to the 
proportion of RTCs during the same hours resulting in fatal and serious injury: 
t = 3.23 > 2.92, p = 0.05. 
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Figure 4: Serious RTCs and SRCs by Time of Day 
5.4.3 Day of Week 
Figure 5 compares the number of RTCs and SRCs (all roads) on different days of the 
week. A trend is not clear for either, although RTCs peak on a Friday when 18% of all 
crashes occurred. SRCs occurred least on Fridays (11 %). These proportions were 
statisticall y significant (t = -3.72 > 2.92, p = 0.05). SRCs occurred most on Mondays 
and Saturdays (17%). 
The propot1ion of RTCs and SRCs occurring at the weekend is similar, 29% and 30% 
respectively, but these propot1ions are sim ilar to those fo r any two-day peri od. 
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Figure 5: RTCs and SRCs by Day of Week 
5.4.4 Month/Season 
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Table 6 shows the seasons in which RTCs and SRCs occurred . 
Month RTCs SRCs 
Spring & Summer: 
April-September 975 191 
Autumn & Winter: 
October-March 1027 157 
Total No. of RTCs 2002 358 
Table 6: Seasons and RTCs/SRCs 
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There was little seasonal difference for the numbers of RTCs and SRCs: half occurred 
during spring and summer, and half during autumn and winter. The proportion of 
RTCs that were SRCs during spring and summer was not significantly different to the 
proportion of RTCs that were SRCs during autumn and winter. However, some 
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difference can be seen for individual months. Figure 6 shows the months in which 
RTCs and SRCs occurred (all roads). There was a noticeable trend for RTCs: numbers 
increased as the year progressed. There were almost twice as many RTCs during 
December as there were in January. SRCs occurred most during August and October 
(both 11 %). The difference between the proportions of SRCs and RTCs during August 
and October was not significant in both cases: August, t = 1.23 < 2.29, n.s., October t 
= 0.44 < 2.29, n.s. 
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5.5 CHARACTERISTICS OF THE DRIVER 
5.5.1 Sex and Age 
Data on sex and age were available for 16 of the 17 roads (that is, all excluding the 
M40), and some records were incomplete, for age in particular. 
Data was availab le for 1783 RTCs, where 1442 (8 1 %) were attributed to men. and 34 1 
(19%) to women. Proportions were similar for crashes possibly or probably caused by 
sleepy drivers, that is, out of 32 1 SRCs, 265 (83%) were attributed to men, and 56 
(17%) to women. Figures 7 and 8 show the number of men and women responsible for 
the crashes, split according to six age bands, that is, under JOy, 31-40y, 41-SOy, 51-60y, 
61-70y and 71 +y. Available data for age was less, N = 1719 RTCs and 307 SRCs. 
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Figure 7: Sex and Age of Drivers in RTCs 
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Figure 8: Sex and Age of Drivers in SRCs 
For RTCs, 38% (650) of these drivers were aged 30y or under (Note: includes 3 
dri vers who were under age, at 16y). Noticeably, the number of crashes decreases as 
age increases. Similarly for SRCs, 39% (1 20) of drivers were aged 30y or under. As 
with RTCs. the number of crashes decreased with age, a lthough proportions were 
similar in the 31-40y and 41-50y age groups. Table 7 gives a fu rther breakdown of 
these proportions. Young men are at a higher risk of having a sleep related crash. This 
sample also shows that young women are at a higher ri sk of having SRCs than older 
women. However, the proportion of young men , that is men ~3 0y in SRCs when 
compared to the proportion of men ~30y in RTCs is not s ignificantly different 
(t = 0.48 < 2.92, n.s.). The same is true for women in the same age group 
(t = - 0.0 14 < 2.02, n.s.). 
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11 Road Traffic Crasbe Sleep Related Crashes p 
• 81% Men • 83% Men 
• 19% Women • 17% Women 
• 36% of Male driver • 38% of Male drivers n.s . 
were JOy or under were JOy or under 
• 43% of Female dri ers • 44% of Female 
were 30 or under driver ' ere JOy or n.s. 
under 
Table 7: Sex and Age for RTCs and SRCs 
ex and age a predictor of crashe po ibly or probably eau ed b dri er sleepine s 
arc similar to those for all causes. 
5.5.2 ex and T ime of Day 
Figures 9 and I 0 show difTerent patterns for ex by time of day for all era he (all 
causation factors) and for sleep related crashes. f-o r RTCs. the trend is as expected and 
previously shown for a ll crashes by time of day, that is. the number of crashes rises as 
time of day progresses. and decrea cs towards the end of the 24h period. llowe er. 
very few " omen have crashes during the night/early hours of the morning (0000-
0600h) compared to men. The peak time for era hes for female drivers is later in the 
da) than for men ( 1600-1800h). 
otieeably, the highest number of sleep crashes attributed to men occurred during the 
early hours of the morning (0000-0600h). These amounted to 34% of the total. For 
women, the opposite is true. There seems to be a substantial increase in the number of 
RCs attributed to women during the start of the day, at 0800-1 OOOh. f-ew sleep 
era he attributed to women occurred during the early hours of the morning; almost 
half(45%) occurred between 0800- 1400h). 
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5.5.3 Sex and Age and Time of Day 
Data was available for 1717 RTCs. 1384 of which were attributed to men and 333 to 
wo men. For SRCs, data was available for 307 crashes, of which 252 were attributed to 
ma le drivers and 55 to female drivers. Figures 11 , 12 and 13 show the proportions of 
male and female drivers by age and ti me of day for all crashes (all causation factors) 
and sleep related crashes for men by age and time of day. Numbers for SRCs attributed 
to women were too small to represent in a figure. ote that the figw-es for a ll crashes 
include those possibly or probably caused by dri ver sleepiness. 
Young male drivers (~30y) were responsible for the highest proportion of road traffi c 
crashes (all causation factors) and s leep related crashes att ributed to men (36% and 
38% respectively). Noticeably, 38% of young male drivers hav ing SRCs occur red 
during the night/earl y hours or the morning (0000-0600h) compared to 16% of young 
men fo r RTCs (note that this proportion includes RCs). These proportions are 
significantly different: t = 4.349 > 4.303, p = 0.025. Sleep re lated crashes attri buted to 
men ~Oy occurred the least during 1 000-1 400h (7%) when o lder age groups were 
more prevalent. One fifth of RTCs occurred during the same hours of the day. Male 
dri vers within the oldest age groups had their crashes during the afternoon (al l 
causation factors and s leep crashes). 
Like men. young female dri vers (~Oy) were responsible for the highest proportion of 
road traffic crashes (all causes) and crashes possibly or probabl y caused by driver 
sleepiness (43% and 44% respectively). However. these women had SRCs later in the 
day than men of the same age group (0800-1400h). O lder women had s leep crashes in 
the afternoon and evening. 
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Figure 11: Proportion of Men Drivers (all crashes) by Age and Time of Day for 
RTCs 
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Figure 13: Proportion of Women Drivers (all crashes) by Age and Time of Day for 
RTCs 
5.5.4 Occupation 
Occupations of drivers responsible for crashes were collected where possible. Not a ll 
police forces record this characteri stic. Data was available for 742 RTCs and 181 
SRCs. Noticeably, over one third of the drivers in SRCs drove for a living (35%). This 
can be compared to 28% of drivers in road traffi c crashes excluding SRCs. These 
figures include drivers of goods vehicles, coach and taxi dri vers, some van drivers, and 
cour1ers. 
A noticeable difference in the prop01tion of crashes attributed to HM Forces personnel 
was also evident; 7% for SRCs (N=13) and 3% for RTCs (N::::22). This was evident in 
other sample data taken from 4 sections of roads in North Yorkshire. Table 8 shows 
the classification of drivers in SRCs (80) into Standard Occupational Unit Groups 
(Office fo r National Statistics 1998). 
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• 71y+ 
. 61-70y 
• s1-60y 
Jo 41-50y 
D 31-40y 
016-30y 
SOC Occupation Unit Group _No. of Driver_!_ in ~R~s 
I Professional 6 
11 Manageria l and Technical Operations 4 
Ill Skilled Occupations 
(N) non~manual 5 
Ill Skilled Occupations 
(M) manual 33 
I V Part I) Skilled Occupations 8 
V Unski lled Occupations 5 
*Armed Forces _§__ 
Table 8: Classification of driver in SRCs into SOC Occupation Unit Group 
ote Lhat dri crs in the Anncd Force arc hown eparately as there was no unit group 
applicable for these per onncl. or the 80 drivers. two drivers stated they were 
unemployed; two were retired, and employment was unknown for 7 drivers. 
41.2% (33) of all drivers involved in RCs were employed in ski lled manual 
occupations. This included 22 HGV/LGV/MGV drivers (27.5% of all RC driver ). 
5.6 LO ATIO 
Three sets of ample data were analysed for location of sleep related crashes. Two 'A· 
roads. both following the line of old Roman roads. the A I (T) (Dere Sll·eet), a trunk 
dual carriage\ ay in Norlh Yorkshire. and the A 15(T) (Ermine . tree/). a trunk single 
carriageway in Lincolnshire, were selected. a "' ell a a motorway pro iding a majn 
route to channel ports. the M20 in Kent. ec Appendix I for description of the c roads. 
The location of Jeep Related Crashe for both directions were plotted. Figure 14 
shows RCs on a section of the A I (T). Interestingly, clusters of crashes occurred 
where the road bends. At Lceming Bar, there was a cluster of 3 northbound RCs. 
Northwards, at Catterick, 5 northbound SRCs occurred within 1.6 miles of each other, 
and, southwards, at Londonderry, there were 4 northbound SRCs. However, Figure 15 
shows the location of northbound and southbound SRCs on the continuous straight 
section of the A 15(T). 
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Figure 14: Section of Al(T) 
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Figure J 6 shows the location of crashes possible or probably caused by driver 
sleepiness on the M20 in Kent. There were several clusters of mostly eastbound SRCs: 
3 eastbound SRCs just after Maidstone MSA to Harrietsham: 4 eastbound and 4 
westbound SRCs between Lenham and Charing Heath, a distance of just over 2 miles· 
3 eastbound SRCs was apparent at Westwell Leacon before Junction 9; 3 more 
eastbound at Junction 9. and. noticeably, 7 eastbound, just east of Junction I 0, Ashford. 
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5.7 DISCUSSION 
This field study concludes that 18% of road traffic crashes were possibly or probably 
caused by driver s leepiness. However, the numbers and proportions of crashes reported 
as being ' possibly or ' probably· sleep related are conservative values. The findings 
from this study indicate that 78% of crashes were attributed to driver error. that is, what 
the driver did or failed to do. This is not unexpected. oticeably. 36% of crashes were 
attri buted to manoeuvre error. A number of crashes included in thi s category were 
those recorded as ' blindspot' errors. Different types of vehicles are involved in these 
crashes. but, noticeably, left-hand drive HGVs were attributed to a high proportion of 
these. It could be that some of these ' manoeuvres' may well be caused by sleepy 
drivers drifting from one lane to the next, directly into the path or oncom ing veh icles. 
Additionally, overtaking errors can be mistaken for errors possibly or probably caused 
by sleepy drivers, that is, dri vers are referred to as just "driving along" in the middle 
lane, like. for example, from this dataset. an HGV driver in lane 2 ran into the rear of a 
goods vehicle travelling in front. A witness to the crash stated that the dri ver "'appeared 
to be overtaking in lane 2", but then w ithout braking or swerving hit the rear nears ide 
of the HGV in front. At interview, the driver responsible for the crash stated, "From 
what 1 can remember. 1 was just driving a long in the middle lane'·. Rear-end shunts 
and driving too close or too fast to the vehicle in rronl accounted for 28% of crashes. 
There was a particularly high proportion of crashes attri buted to this category on the 
M25, which is not unexpected given the high vo lume of traffic on this motorway. This 
type of crash can occur in 50% of all fatal and serious crashes o n motorways, but on 
single carriageways in Britain, they onJy make up about 10% of all crashes 
(EURORAP. 2003). It is difficult to say, if not impossible, whether a shunt-type crash 
could be attributed to a sleepy driver. Does constant slow moving heavy traffic have a 
simi lar effect to a road that has little or no trafiic that is, does the monotony of such 
conditions imply a boring task effect? Failure to keep distance may be caused by driver 
inattention because of sleepiness (Zomer & La vie, 1990). 
Noticeably, 8% of al l crashes were attributed by the po lice to tyre blowouts. However, 
unless full police accident investigation reports' have been undertaken, which is 
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usually only where there are fatalities. there is no in pection of tyres. and it is likely 
that the tyre defect may have been a 'blow-in' as a result of the crash rather than the 
eau e. 1t eems highly likely that a sleepy dri er drifting off the carriagewa and 
making impact with other vehicles or roadside furniture will u lain damage to the 
vehicle and it is highly probable that this will include tyre damage. ll could be then 
that some of the RTCs attributed to tyre blowouts were in fact possibly or probably 
eau cd by drivers falling asleep at the wheel. 
·o erladen vehicles· within the category of ·mechanical defect" gi e eau c for concern. 
The criteria used for assigning crashes to dri er sleepiness determines that such era hcs 
are ruled out of ·possible' and 'probable' RCs. However. in this data. some 
·overladen· vehicles were tra elling on the M20 Londonbound during the night after 
spending the day ·stocking up· v ith wine and beers in France. lt cem likely that 
some of these crashes were pos ibly or probably caused by sleepy driver returning 
home al'lcr an early start and a long day. but these were excluded from being R s 
because of the criteria used. Furthermore. wi thin the dataset 6% of crashes were 
attributed to bad weather conditions. Whilst it was obvious in numerous cases that the 
driver could not be held responsible for the era h because of fog. high winds. and 
surface water causing aquaplaning. there were some that could be attribllled to sleep 
had the cri teria been more nexible. In in tances where adver e weather condition 
were indicated. accident report fom1s were carcfull examined for confirmation of 
conditions and skidding eau cd by wet road surfaces. Howe er, ome crashes which 
occurred at times when it was raining may well ha e been possibly or probably caused 
by driver sleepiness. Other crashes attributed to ' bad weather' could be attributed to 
driver sleepiness as a ·'co-factor" ( Webb, 1995). ft may be that at times when traffic is 
light and when it is raining the regular mo ement of the windscreen wipers add to the 
monotony of the boring road characteristics of a motorway. Additionally. crashe 
attributed by the police to ' Alcohol"' ere excluded from being ·possibly· or 'probably" 
sleep related. llowever, alcohol can of course result in sleepiness and has been 
reported as a 'co-factor· in era hes attributed to sleep (Webb. 1995). 
Crashes possibly or probably caused by driver sleepine s were evenly distributed over 
the 24h period, highlighting the fac t that sleepy drivers are on the road throughout the 
24h period. However. there was a highly significant difference between the proportion 
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of SRCs that occurred between 0000-0600b and the proportion of RTCs during these 
night/early morning hours. 
Noticeably, the data shows over one third of the drivers having crashes attributed to 
dri ver s leepiness drove for a li ving. Yet most of these were not HGV drivers; almost 
70% of sleep related crashes were attributed to drivers of cars, and a lmost half of SRCs 
were single vehicle crashes. It could be that businessmen (SRCs men = 80%) driving 
long hours and long distances are drivers who are most at risk of SRCs. lt seems that 
we now li ve in a world of24h societies, people working around the clock, shiftworkers. 
maybe docto rs travelling home after a full day or night working. Such drivers are on 
the road at t1mes when they are biologically progranuned for sleep; the impact of s leep 
loss on performance is wel l documented (eg Monk, 199 1), as is the impact of time of 
day on crashes (eg Mitler, 1988). Although there are no stati stics to indicate the driver 
or vehicle type on the road at any given time, a close analysis of the data by time of day 
and sex indicates that the proportions of SRCs allributed to men and women dw·ing the 
night/earl y hours of the morning are quite different. Furthermore. there was a 
significant difference between the proportions of young male dri vers having SRCs than 
crashes due to all causes during 0000-0600h. This result supports international fmdings 
(eg Horne & Reyner, 1995a; Pack et a l, 1995 ; Fell , 1995), that is, young male drivers 
are predominantly represented in SRCs during the night/early hours of the morning. 
Women have SRCs later in the 24h period. primarily at 0800-1 OOOh, when the rate for 
SRCs for men has fallen. The risk of driver sleepiness is, therefore, directly related to 
sex and age and time of day. 
AJthough this field study shows no trend for day of week or weekday/weekend, it is 
difficult to draw firm conclusions since crashes occurring just after midnight on a 
Friday wi 11 be apportioned to Saturday crashes, and those occurring just after midnight 
on Sundays will be apportioned to Monday crashes. Garbarino et al (2001 b) found that 
SRCs occurred most on a Sunday, followed by a Saturday. Note that the authors also 
found that the number of crashes attributed to drivers aged 18-25y increased at the 
weekend (see above). 
An increase in SRCs during August and October may be due to drivers attempting 
longer distances travelling on holiday during the peak summer month of August and 
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during the Autumn term break (October). Philip et al (1996) reported that 25% of 
drivers responsible for sleep related crashes or near-crashes were driving to or from 
their summer holiday locations. 
From a subset of the data, 41 % of drivers involved in SRCs were employed in skilled 
occupations (manual), that is. category Tli (M) of the tandard Occupation 
Classification groups. Data for the percentage of a ll f1.dl car driving licence holders in 
the UK. classified within these six groups is unavailable. However. from a sample of 
12.000,000 full driving licence holders, carried out by the DIT, approximately 16% fell 
within the ocioeconomic Group No. 4 · kil led manuaJ" 1 (Off ( B (99) 21). This 
indicates that a proportionately higher figure of drivers whose occupations were ski lled 
(manual) had SRCs on the sample roads. Noticeably. from the same sample data, there 
were twice the proportion of RCs caused by HM Forces personnel than for RTCs. 
They may not necessarily have been ·at work' at the time of the crash, rather. they may 
have been travelling in their own veh icles to or from Lheir arm y barracks situated 
further along the road f rom the location of the crash scene. Stutts et a l. (2003) pointed 
out that work factors associated with SRCs included working for long hours for 
extended periods of time. such as might be required by the military. 
As well as motorways, there are some sections of' A· roads that give cause for concern. 
ample data on the section of the A I (T) in North Yorkshire shows that RCs occurred 
\i ithin short distances of each other (note, not ' blackspots'). These ·clusters· seemed to 
occur where the road deviates from its straight directional line. This could possibly be 
due to s leepy drivers drifting off the main carriageway as the road bends. However, 
SRCs occurred on the straight section of the A 15(T) in Lincolnshire. This is a 
continuously straight section of road lacking curvature, except for a sweeping bend 
around RAF Scampton. SRCs on straight roads is not unexpected. McConnell et aJ 
(2003) stated that sleepy drj vers are more likely to run off a stra ight section of a rural 
road. Desmond & Matthews (1997) found that fatigued drivers exerted little effort on 
straight sections of roads and perfom1ancc deteriorated on these 'boring". "easy" roads. 
uch an e ffect is seen by the relatively high proportion of sleep re lated crashes 
occurring on the A 15(T) ( 17%) compared to other ·A· single carriageways (3%; 
Reyner et al, 2001 ). 
1 Socioeconomic Groups are ( I) Professional and Managerial (2) lntennediate non-manual (3) Junior 
non-manual (4) Skilled manual (5) Olher manual and other SEG (6) Retired (7) Other ccon. Inact ive. 
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On the M20. a route to seaports. there v ere l\ ice the number of RCs c a tbound 
(eastbound) than Londonbound (westb und). This finding was similar to llome & 
Reyncr"s preliminary analysi of crashes on the M 180/A180 in llumberside. al o a 
main route to a coastal port (Tlornc & Rcyncr. 1996b). It may be that dri crs nearing 
the end of their journey. approaching the coast, become sleepy. 
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5.8 KEY POINTS 
• 18% of all crashes were po sibly or probably ca11 ed by driver Jeepines 
• 68% of RCs were attributed to car driver 
• The dilTerence between the proportions of R sand RTCs that were single vehicle 
crashes was statisti cally significant 
• 44% of RCs were single vehicle crashes compared to 27% or RT s 
• 28% of all fatal crashes ' ere possibly or probably caused b sleepy dri\'ers 
• There v as a significant difference between the proportions of RCs and RT 
resulting in fatal or serious injurie 
• 29% of RCs resulted in fatal or eriou tnjunc compared 10 20% of RTCs 
• Almost all (83%) of fatal crashes occurring between 0400h-0600h ' ere sleep 
related 
• One third of all fata l SRCs occurred between 0200-0600h 
• The proportion ofSRCs occurring between 0000-0600h was s ignificantly dirlcren t 
to the proportjon of RTCs resulting in fatal and serious injuries 
• Approximately half of all crashe occurring between mjdnight and 0600h v ere 
possibly or probably caused by dri er slcepines 
• The difference between the proportions of RCs and RTC occurring bct\\een 
0000-0600h was highl.. ignificant 
• The difference between the proportions of R sand RTCs occurring on a Friday 
was stati stically significant 
• R s occurred most frequently during August and October 
• Most RCs (83%) were attributed to men drivers 
• The difference between the proportion of young male drivers having R s during 
0000-0600h was significantly different to the propoftjon of young male dri ers 
ha ing RTCs during 0000-0600h 
• 38% of RCs attributed to men occurred during the night/early hour of the 
morning (0000-0600h) compared to 16% of young men for all crashes during 0000-
0600h 
• Female drivers had few R s during the night/early hours of the morning. Almost 
hul f of the SRCs occurred during 0800-1400h 
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• ldcr men and women had their crashes during the afternoon 
• \ Crone third of driver in RCs drove for a li ing 
• -ll % of drivers in SRCs were employed in skilled manual occupations 
• There were clusters of RCs located on some ections of road gi ing cause for 
concern 
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CHAPTER6: 
COMPARI ON OF DIFFERENT ROAD TYPE 
Roads \\Crc categorised into h o groups: motorways. and non-motorway . The non-
motorway group comprised the sections of ·A' trunk and non-trunk road with duaL 
arying and s ingle carriageways, a \' ell as a · B' single carriagcwa.. . These two 
group of roads were compared for causation factors, vehicle type and number of 
ehicles in ol ed in crashes. se crity and casualties. time of day. week and month. sex 
and age of dri er. Are there differences between these two groups of roads? 
6.J AU ATlON FACTOR 
Causation factors were attributed to 1403 RT s on motorways and 599 RTCs on non-
motorwa s. 20% of crashes occurring on mo{()rways were possibly or probably caused 
by driver sleepine s. compared to 1-1% on non-motorways. The di ffcrencc between 
the e proportions was significant: t = -3.22 > 1.91, p = 0.05. 
For both road types, the majori ty of the crashes were caused by driver error (77% on 
motorways, and 81% on the non-motorway roads). More specifica lly. rigure 18 shows 
dri er manoeuvre error and shunts. including driving too fast and/or too close for 
conditions. accounted for high proportions of the crashes: 26% of all era hes on 
motorways were attributed to manoeuvre error compared to 34% on non-motorways; 
24% of all crashes on motorways were attributed to shunts and vehicles travelling too 
fast/too clo e crasbes compared to 18% on non-motorways. 9% of all era he on 
motorway were anributed to tyre blowouts compared to 3% on non-motorways: the 
difference between these proportions was highly s ignificant: 
l = -5.27 > 4.303, p = 0.025. 
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Figure 18: RTCs and Causation on Motorways and Non-Motorways 
6.2 VEHIC LES 
6.2.1 Vehicle Type 
Data was available for 1268 RTCs occurring on motorways and 593 crashes on non-
motorways. Table 9 shows data for both groups. The proportion of car drivers 
responsible for crashes on non-motorways was higher for the non-motorway roads than 
the motorways (71 %/66%). The opposite is true for drivers of goods vehicles: 25% on 
motorways and 16% on non-motorways. If vans are added the proportions for both 
road types increases by 6%. The ratio of RTCs on non-motorway roads to motorways 
was 0.502 for cars compared to 0.287 for HGVs. 0.5 18 for LGVs. and 0.486 for van . 
Ratio of 
Vehicle Type RTCs on RTCs on Non- RTCs on 
M ways Mw~1ys (%) Non-M ways 
(%) to Mways 
Car 843 (66%) 423 (7 1%) 0.502 
Coach 5 (0.4%) 3 (0.5%) 
Cycle 0 3 (0.5%) 
HGV 296 (23%) 85 ( 14%) 0.287 
MGV 4 (0.3%) 3 (0.5%) 
LGV 27 (2%) 14 (2%) 0.518 
Van 72 (6%) 35 (6%) 0.486 
M cycle/M scooter 13 (1%) 24 (4%) 
Minibus 5 (0.4%) 3 (0.5%) 
Other 3 (0.2%) 0 
Total 1268 593 
Table 9: RTCs on Motorways a11d Non-Motorways 
Data was available for 321 RCs. ee Table 10. There was a significant difference 
between the proportion of RTCs that were RCs attributed to cars on motorways and 
non-motorway roads: t = 2.924 > 2.92. p = 0.05. The difference for HGVs was nor 
significant (t = 0.672 < 2.92. n.s). The difference fo r vans was not significant 
71 
(t = 0.052 < 2.92, n.s.). The ratio of SRCs on non-motorway roads to motorways was 
0.1 3 fo r cars compared Lo 0.223 for HGYs .. 
Ratio of 
Ratio of RTCs SRCs SRCs to 
Vehicle RTCs on SRCs on SRCs to OD on Non- RTCs p 
Type M ways M ways RTCs Non- M ways on Non-
(%) on M ways (%) M ways 
M ways 
Car 843 162 0. 192 423 55 0.13 0.05 
(68%) (66%) 
Coach 5 2 (0.8%) .., .) 0 
HGV 296 56 (23%) 0. 189 85 19 0.223 n. s. 
(23%) 
MGY 4 0 .., .) 1 (1 %) 
LGY 27 6 (2%) 14 2 (2%) 
Van 72 12 (5%) 0.167 35 6 (7%) 0.171 n.s. 
Total 238 83 
Table 10: SRCs 0 11 Motorways and Nou-Motorways and Ratio ofSRCs to RTCs 
6.2.2 Single Vehicle Crashes and M ultiple Vehicle Crashes 
Data was available for 1233 crashes on motorways and 350 crashes on non-motorways. 
See Table I 1. 
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No. of RTCs on RTCs on Non-
Vehicles Mways (%) Mwavs (%) 
I 305 (25%) 121 (34%) 
2 584 (47%) 172 (49%) 
3 203 ( 16%) 38 ( 11 %) 
4 77 (6%) 14 (4%) 
--
- -
5 32 (2%) 2 (0.5%) 
- -6 16 (1 %) 2 (0.5%) 
7 7 (0.5%) I (0.2%) 
1--
8 I (0.08%) 0 
9 3 (0.2%) 0 
12 1 (0.08%) 0 
1-
13 1 (0.08%) 0 
1-- ·f- -
15 I (0.08%) 0 
16 I (0.08%) 0 
-
--- -
23 1 (0.08%) 0 
1- -
Total 1233 350 
Table I/: o. of Vehicles invo/vetl in RTC on Motorways and 011-Motorway 
inglc chiclc crashes accounted for 34% of those on non-motorways. c mparcd to 
25% on motorways. For SRCs. data was available for 238 SRCs on motol"\) ay and 45 
R son non-motorways (Table 12). Over half. 56%. of SRCs on the roads other than 
motorways were single vehicle crashes. This can be compared to 42% on motorways. 
The proportion of sleep related crashes involving 2 vehicles on the motorways was 
substantia lly more than on the non-motorways: 47% and 29% respectively. For single 
vehicle crashes. motorways have a higher ratio of RCs to RTCs than non-motorways. 
but the difference between the proponions of RT that were RCs on moto~a s and 
non-motorways was not significant (t = 2.65 < 2.92. n.s.). However. the difference 
bet\\Cen uch proportions for era he in olving 2 vehicles wa igni ficant: 
t - 4.48 > 2.92. p = 0.05. For 3 vehicles the difference was not significant: 
0.96 < 2.92. n.s. 
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Ratio of 
R s to p 
o.of RTCs R son RTCs M ways/Non-
Vehicles OD M ways on ways 
M ways (%1 M ways 
I 305 100(42%) 0.328 n.s. 
2 584 112 (47%) 0.192 0.05 
3 203 20 (8%) 0.098 n.s. 
4 77 4 (2%) 
6 16 I {0.4%) 
7 7 1 {0.4%) 
Total 1233 238 
Ratio of 
R on R to 
o.of RTCs on RT 
Vehicle OD on- M ways on on-
M ways (%) M ways 
·-I 121 25 (56%) 0.207 
2 172 13 (29%) 0.076 
3 38 6 (13%) 0.158 
4 14 I (2%) 
6 2 0 
7 I 0 
Total 350 .as 
Table 12: Nos. of Vehicles i11vo/ved i11 SRCs 0 11 Motorways and 011-Motorways a11d 
Ratios 
6.3 EVERITY AND A ALTIE 
Tables 13 shows RTCs and R s fl r motorways and non-motorways. RTC \J ere 
more likely to result in fatal or erious injury on non-motorways. 6% of era hes were 
fataJs compared to 2% of fatals on the moton ays. and 25% of era hcs on the non-
motorway roads resulted in erious injury compared to 14% on the motorways. 
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- - ----------------------- -
RTC on Mway RTCs on Non-
Severity (%) Mways (%) Total RTCs 
Fatal 30 (2%) 34 (6%) 64 
_§erious 196 (14%) 153 (25%) 349 
Slight 1 I 74 (84%) 411 (69%) 1585 
Miss ing .., J I 4 
Total No. 1403 599 2002 
Table /3: Severity of RTCs 011 Motorways and Non-Motorways 
Findings were similar for SRCs: 7% fatals on non-motorways and 4% on motorways: 
37% serious injury SRCs on the non-motorways compared to 20% on the motorways. 
The ratio of fatal SRCs to RTCs on motorways was higher than on non-motorway 
roads. This was also true for the ratio of fata l and serious SRCs to RTCs. The 
proportion of fatal and serious RCs on motorways was significantly different to the 
proportion of fatal and serious RCs on non-motorways: t = 3.344 > 2.92. p = 0.05. 
There was a significant diffe rence between the proportions of RCs that were fatal and 
serious on the motorways compared to the proportions of RTCs that were fatal and 
serious: t = -2 .99 > 2.92. p = 0.05, but the difference between such proportions for the 
non-motorways was not significant: t = -2.32 < 2.92, n.s. See Table 14. 
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Ratio 
of 
RTCs R on R , p p 
evcrity OD M way to Mway /Non M way 
M ways (%) RT s M way RCs/RT s 
on 
MW<!)_'S 
-
Fatal 30 12 (4%) 0.4 }0.05 }0.05 
Serious 196 55 (20%) 0.281 
-
Slight 1174 207 0.176 
(75%) 
Missing .., .) I 
Total No. 1403 275 
Ratio p Non 
RTCs R on of M way 
OD on R s R /RTCs 
cvcrity on- M way to 
M ways (%) RT 
on 
Non-
M ways 
Fata l 34 6 (7%) 0.176 }n.s. 
Serious 153 31 (37%) 0.203 
Slight 411 46 (55%) 0.112 
Missing I 0 
Total No. 599 83 
Table 14: everit) of SRCs 0 11 Motorway and on-Motorways am/ Ratio · 
Data on casualties was available for 1232 era he on the motorways and 315 era hcs on 
the non-moton ay roads (due to unavailability of some data). 1966 casual tie resulted 
from the motorway RTCs. an average of 1.6 casualty per crash. The average was the 
same for RTCs on non-motorways: 522 casualties. For SRCs, 349 casualties resu lted 
from 238 crashes, an average of 1.5 casualty per RC on motorways. and 67 casualtic 
resulted from 39 RCs on non motor\) ays, a ·lightJy higher average of 1.7 per crash. 
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6.-4 T IME OF DAY/WEEK/MO T H 
6.4.1 Time of Day 
Figures 19 and 20 show the lime or day for RT s and SRCs on motorways and non-
motorway by time of day. 1l1crc is liule difference between the time when RTCs 
occurred on the motorways and non-motorwa s. with the number increa ing over 
da) time to a peak at 1600-1 800h. The ratio of RC to RTC was highe t during the 2h 
periods from 0000-0600h for both the motorway and non-motonvay roads. For RC , 
33% of tho e on the motorways occurred between midnight and 0600h. This can be 
compared to 12% of RTCs on the amc road type. 22% of RCs on non-rnotorwa)S 
occurred during these same night/earl y morning hours. compared to I 0% or all crashes 
on the saJTIC road type. The propor1 ion of SR s that were RTCs on motorways during 
0000-0600h was significantly di ffcrcnt to the proportion of SRCs to RT 's on non-
motonvays during this 6h period: t = -3. 1 > 2.92, p = 0.05. 
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Figure 19: RTCs and SRCs 011 Motorways by Time of Day 
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Fioure 20: RTC and SRC 011 No11-Motorway by Time of Day 
6A.2 Da of Week 
Data was analysed for day of week to sec if there was any difference or trend for RT s 
and R s on the different road types. Figure 21 shows lhat there was little difference 
in the ratio of SRCs to RTCs occurring on motorways each day of the week, except for 
Priday when the ratio fel l to 0.11 when RTCs occurred most (19%) and RCs occurred 
lea t ( I 0%). RCs on motorway occurred most on Mondays (ratio of RCs to RTC -
0.246). The ratio of RCs to RT on non-moton ays was highest on Thur da) 
(0.188). ce Figure 22. As for motorways. the ratio of RCs to RT s wa lea t on 
Fridays (0. 11 ) when RTCs occurred mo t ( 17%). Most RCs on non-moton ay roads 
occurred on aturdays and undays ( 18% atu rdays/18% undays). 
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6.4.3 Month/Season 
Table 15 shows only li ttle seasonal change for RTCs for the two groups of roads. 
Approximately half the number of RTCs on the motorways occurred during spring and 
summer. and half during the autumn and winter months. The same was true for the 
non-motorway roads. 
RTCs Non-
Month RTCs Mways Mw~ys Tota l RTCs 
Spring & S wnmer: April -September 690 285 975 
Autumn & Winter: October-March 713 3 14 1027 
Total No. of RTCs 1403 599 2002 
Table 15: Seasons and R TCs 0 11 Motorways and Non-Motorway roads 
Table 16 shows SRCs grouped as for R TCs (Ta ble 15 above). Similarly, there was 
little seasonal di fference, as approximately half of the SRCs on motorways were with in 
each of the two groups, as were half of the SRCs on non-moto rway roads. 
SRCs Non-
Month SRCs Mways M ways Tota l SRCs 
Spri ng & S ummer: April-September 147 44 191 
Auturrm & Winter: October-March 128 39 167 
Total No. of RTCs 275 83 358 
Table /6: Seasons and SRCs on Motorways and Non-Motorway roads 
Figures 23 and 24 show RTCs and SRCs on motorways and non-motorways for 
ind ividual months. RTCs occurred most on mot01ways during the months of October 
and December (both 11 %), and most on non-motorways dur ing December (13%). For 
SRCs, most occurred during August on motorways (12%) and July and October (both 
J 3%) on non-motorways when there were twice as many as most o ther months. The 
ratio of SRCs to RTCs on motorways was highest d uring January (0.256). For the rest 
of the year the ratio was fai rly constant but fell duri ng November and December (0. 144 
and 0. 15). On non-motorway roads the ratio of SR Cs to RTCs was highest d uring the 
month of July and lowest during December w hen RTCs occurred most. 
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6.5 CHARACTERISTICS OF THE DRIVER 
6.5.1 Sex and Age 
Data was availab le for I 783 RTCs, 1206 of which occurred on motorways and 577 on 
non-motorways. There was little difference in the proportion of crashes attributed to 
men and women on the different road types: 81% men on motorways (N = 979) and 
80% men on the non-motorways (N = 463); 19% women on the motorways (N = 227) 
and 20% women on the non-motorways (N = 114). 
There was some difference in the proportion of men and women causing possible or 
probable SRCs. Out of the 32 1 SRCs (data was unavailable for l road), 80% were 
attributed to men on the motorways (N = 19 I) and 89% to men on the non-motorways 
(N = 74). The proportion of SRCs attributed to women on the motorways was twice 
that of those on the non-motorways: 20% on motorways (N = 46) and I I% for non-
motorways (N = 9). However, the difference between these proportions was not 
significant (t = -2.146 < 2.92, n.s.). Figures 25 and 26 show the number of men and 
women responsible for the crashes, split according to the different road types and s ix 
age bands, under 30y, 3 1-40y, 41-50y 5 I -606 6 J -70y and 71 +y. 
Available data was less for age, N = 171 9 RTCs, of which 11 54 occurred on 
motorways and 565 occurred on non-motorways. SRCs numbered 307, of which 225 
occurred on motorways and 82 occurred on non-motorways. Similar proportions of 
men aged ~JOy were found for RTCs and SRCs on motorways and non-motorways 
(RTCs: 36% on motorways and 37% on non-motorways; SRCs: 39% on motorways 
and 36% on non-motorways); there was no significant difference between the 
proportions of RTCs that were SRCs attributed to men 9 0y on motorways and non-
motorways (t = -1 .54 < 2.92, n.s.). The proportion of women aged 9 0y for all crashes 
on motorways and non-motorways diffe red: 48% on motorways and 35% on non-
motorways. For, SRCs the proportion of women aged 9 0y on motorways was 39% 
and 67% on non-motorways; there was no significant difference between these 
proportions: t = -1.603 < 2.92, n.s. Noticeably, men aged 2:7ly were responsible for 
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only 2% of crashes (all causes) and Jeep related crashes on motorways. llowevcr, 6% 
of RT s and 7% of sleep related era hcs on non-motorway roads \\ ere attributed to 
men >71). 
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Figure 26: Sex and Age of Drivers in SRCs on Motorways and Non-Motorways 
6.6 DISCUSSION 
Crashes attributed to driver sleepiness were more evident on motorways than on non-
motorway roads and the difference between the proportions of RTCs that were SRCs 
on these different road types was statistically significant. Thjs is not unexpected, as 
motorways are boring, monotonous roads to drive on. Crashes attributed to manoeuvre 
error were more prevalent on non-motorways. Agrun, thjs is not unexpected, as non-
motorway roads have additiona l hazards to motorways, such as junctions, more road 
curvature, inclines and declines. Interestingly, 9% of crashes on motorways were 
attributed to tyre blowouts, compared to 3% on non motorways and the djfference 
between these proportions was signjficant. Thjs causation factor is of concern (see 
Chapter 5). ' Speed' was attributed to a much higher proportion of crashes on roads 
other than the motorways; almost 7% on non-motorways, compared to less than 1% on 
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motorways. As expected, shunts and vehicles travelling too fast/too close were more 
evident on the motorways. 
Approximately half of sleep related crashes on motorways and non-motorways were 
single vehicle crashes. There were substantially more SRCs as a proportion of all 
crashes on involving two vehicles on motorways than on the non-motorways, and tllis 
was significant. 
Regardless of road type, sleep related crashes were more evident during the night/early 
hours of the morning than other crashes. The proportion of crashes attributed to driver 
sleepiness on the motorways between 0000-0600h was almost three times that of the 
proportion of all crashes occurring on the same road during the same hours. The 
proportion of SRCs on the non-motorways during the same hours was almost twice that 
of the RTCs. SRCs were more evident on the motorways during the night/early hours 
of the morning when compared to the non-motorways and the difference between these 
proportions was statistically significant. 
Almost half of the sleep related crashes on non-mot01ways resulted in fatal and serious 
injuries compared to less than a quarter on motorways and these proportions were 
significantly different. 67% of women aged ~30y were responsible for SRCs on non-
motorways, and 7% of men attributed to SRCs on these roads were 71 y or older. These 
findings gives cause for concern and draw attention to the serious issue of sleep related 
crashes on roads other than motorways. 
6.8 KEY POINTS 
• 20% ofRTCs were sleep related on motorways and 14% on non-motorways; these 
proportions were significantly different 
• 9% of crashes were attributed to tyre blowouts on the motorways compared to 3% 
on non-motorways and the difference between these proportions was significant 
• There was a significant difference between the proportion of RTCs that were SRCs 
attributed to cars on motorways and non-motorway roads 
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• 56% of RCs on non-motorways were single vehicle crashes. compared to 42% on 
motor" ays 
• 47% of RCs invol ed two vehicle on moton ays. compared to 29% on non-
motorways 
• The proportion of SRCs on non-motorways resulting in fatal or serious injury was 
signi fica ntly different to the proportion ofSR 'son motorways 
• 33% of RCs occurred on motorways between 0000-0600h. compared to 12% or 
crashes (all causation factors). 22% of R s on non-motorways. and I 0% or 
crashes (all causation factors) on non-moton ays 
• The proportion of RTCs that were RCs during 0000-0600h on motorways was 
ignificantly different to the proportion of RTCs that were RCs during 0000-
0600h on non-motonva. s 
• R s on motorways occurred mo t on Mondays when the ratio or RC to RTC 
wa highest (0.246); SRCs on non-motorways occurred most at the we,.;kcnd. but 
the ratio of RCs to RTCs was highest on Thursdays (0. 188) 
• R s occurred most on motorways ( 12%) during August but most on non-
motorways during the month of July and October (both 1 3%) 
• 80% of men were responsible for R son motorways and 89% on non-motonHl)' 
• 20% of women were responsible for, RC. on mo10rways compared 10 I I% on non-
motorways but the djfferencc bctv.een the e proportions was not ignificanl 
• 67% of women responsible for sleep related crashes on non-moton ay were ~30 
compared to 39% on motorway but the difference between these proportion was 
not significant 
• 7% of sleep related crashes attri buted to men on non-motorway roRds were men 
~7 1 y. 
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CHAPTER 7: 
THE EFFECT OF NATURAL AND ARTIFICIAL 
ROADSIDE LIGHTING ON SLEEP RELATED CRASHES 
7.1 INTRODUCTION 
Of the 221,7 51 road traffic crashes resulting in injury in Great Britain during 2002, 
158,9 12 occurred during hours of daylight compared to 62,839 during hours of 
darkness (half an hour after sunset to half an hour before sumise ie "lighting-up time") 
(DIT, 2003a). Of these, 6,277 RTCs occurred on motorways during daylight hours and 
2,665 during hours of darkness. This pattern of lower crashes at night compared to 
daytime is very similar to the 24h pattern of traffic density (see Chapter 8). GB 
statistics for 2002 indicate 88,843 casualties during the hours of darkness, compared to 
213,762 during daylight. It would seem, then, that it is safer to drive at night than 
during the daytime. However, international research has found that when taking into 
account traffic flow, a disproportionate number of crashes occur at night, and these 
crashes result in more severe injuries than during the daytime (Lay, 1998). Akerstedt et 
al. (2001) in analysis of data on police reported crashes, considered driving in darkness 
as a potential cause of night-time crashes. However, the authors concluded that 
darkness could not be considered to be a major cause of the increased crash risk at 
tught, given that in December the crash peak occurred before sunrise, but in June it was 
after stmrise; the authors concluded that crash risk could be influenced by time of day 
rather than light. 
National and international research has shown that sleepy drivers are more prone to 
falling asleep at the wheel during the early hours of the circadian trough, when it is 
dark (Zomer & Lavie, 1990; Zulley et al. , 1994; Pack et al, 1995; Philjp et al., 1996; 
Maycock, 1996; Home & Reyner, 1999; Garbarino, 2001 b). In an analysis of several 
studies examirung road traffic crashes Folkard ( 1997) concluded that, when traffic 
density is controlled for, there are strong time of day effects with accident risk highest 
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in the early hours of the mornjng. Folkard makes the case that dri ving a vehjcle during 
the how·s of darkness increases monotony for the driver, that is, visua l input is reduced. 
Further. the peak in the risk of a crash occurs at a time when ind ividuals would 
normally be asleep. The author concluded that these peaks may be due to the circadian 
trough rathe r than different dri ving conditions experienced at night, although detailed 
ana lysis showed that there was at least one other time related factor that contributed to 
the variati ons in accident ri sk; Folkard suggested th is might be time into j ourney effect. 
Lighti ng standards are well-established, providing s tandards for particular classes of 
roads and road junctions. The purpose of roadside lighting is to reduce crash numbers 
and to improve driver comfort and effici ency (S tark, 1975). Stark reports on a stud y 
carried out by the California Divis ion of Highways comparing crash rates on US 
freeways during hours of day light. that is, 1700h-1 900h during June, to crash rates 
dur ing hours of darkness, 1700h-1 900h in December. Although the sn1dy was small , 
crashes were less on the lit section of road. Bruneau et al. (2001) found that continuous 
lighting reduces the overa ll crash rate by 33% in compari son with interchange lighting 
alone and 49% compared with dark motorways. From various sources, Lay ( 1998) 
reported tha t road lighting can red uce fatal crashes by 66%, a ll injury crashes by at 
least 25%. and crashes on rural roads by 40%. Sabey and Johnson (1 973) found a 
statistically significant reducti on of all injury crashes of about 50%, and 60% fatal and 
serious injury crashes on lit rural roads w ith a speed limit of 70mph. Ogden ( 1996) 
reported on findings from various stud ies on the effect of roadside lighting on urban 
roads which had shown reductions in crashes by 30%. However. nationa l statisti cs for 
Great Britain show little difference in crash num bers during hours of darkness on 
motorways that are lit and unlit (1,369 during 2000 for tit motorways, compared to 
1,303 for unli t motorways) (Off, 2003a). 
This thesis reports on the effect of artificial roadside lighting on the num ber of sleep 
related crashes. Note that extensive sections of rura l motorways in the UK tend not to 
be lit. Futthermore. does the number of crashes possibly or probably caused by driver 
sleepiness increase during dark driving conditions during the night, compared to 
daylight hours? 
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7.1.1 Casualties 
Of the 320,283 casualties resulting from road traffic crashes in 2000, 229,585 occurred 
on roads dur ing hours of day light and 90,693 dwing darkness (Dff, 2003a). Of these, 
10,863 resulted from crashes on motorways during daylight and 4,554 during darkness. 
Akerstedt et al. (200 I) reported that the risk of havin g an injury as the result of a crash 
at 0400h was fi ve times that of having a crash between 1000-llOOh. Additionally, 
there was in increased risk (eleven times) of the crash resulting in fatal injuries when 
the crash occmred around 0400h. 
7.2 EFFECT OF ARTIFICIAL LIGHTING 
7 .2.1 Method 
Comparable sections of roads were selected to investigate the effect of artific ia l 
roadside lighting. Choice of roads were made without reference to crash data. The 
sections were: 
1. Motorways, primarily three lanes each carriageway of standard width, with the 
same national speed limit of 70mph (60 mph for goods vehicles exceeding 7.5 
tonnes), similar road surface (mainly bot rolled asphalt), junctions only at 
entrance/exit slips, and simi lar safety carriageway features, that is, a centra l 
reservation with a vehicular safety fence between both carriageways, a 
hardshoulder with a vehicular safety fence, and standard road studs. 
u. 'A ' dual carriageways with the same maximum national speed limit of 70mph, 
simi lar road surface (mainly hot roll ed asphalt), similar safety features, ie a 
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central reservation with safety fencing. These roads have junctions. layb s and 
crvice . 
Lit ection of roads were ·paired' ' ith unlit cctions. The pairs were: 
1. cctions of rural motorways of similar length. with similar (average) flow rates: 
the lit section of the MS in Worcestershire ( 18.7 miles/AADT 81 ,294) 
the unl it section ofthc M40 in Warwickshire (25 .5 miles/Ai\DT 78.11 5) 
11 . ection of rural motomays ' ith higher than average flow rate · (around 
I 00.000 ehicles/24h): 
the lit section ofd1e M I in orthampton hire (:14A miJes/AADT99.921) 
the unlit section of the M6 in tafTord hire (34 miles/AADT I 03,507) 
111. ections of ·A· dual carriagcwa) : 
the lit ection ofthe t\38 in taffordshi re j ust north ofLichficld to 13urton-uron-
Trcnt (7.5 miles/AADT 44, Ill ) 
the unlit section of the A I (T) in Lincolnshi re ( 18.5 miles/AADT 38.256). 
7.2.2 Re ult 
Figure 27 and 28 show the rate of death and injury Road Traffic Crashes (all eau ation 
factors) and Jeep Related Crashes per mile per year on the pairs of lit and unlit roads. 
Both RTC and RC rates were adju tcd for traffic flows. 
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Figure 27: RTC rate per mile per year 011 comparable lit and unlit sectio11s of roads 
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Figure 28: SRC rate per mile per year on comparable lit and unlit sections of roads 
Figure 27 shows a slight increase in RTCs per mile per year on the lit section of 
motorway with average traffic flow and the lit 'A ' road. However, the difference 
between the li t and unlit motorways with higher traffic flow was the opposi te, and more 
substantial: the number of RTCs per mi le per year decreased on the li t section of 
motorway compared to the comparable unlit section of road. For SRCs, (Figure 28) the 
pattern was similar for the motorways with high traffic flow and the 'A' roads. 
However, there was a reduction in SRCs per mile per year on the lit section of 
motorway with average tTaffic fl ow compared with the comparable unlit section of 
road. 
The proportion of RTCs that were SRCs for each section of road was calculated. 
Figure 29 shows a substantial reduction in the proportion of crashes possibly or 
probably caused by driver sleepiness on the lit section of motorway with average traffic 
flow compared to the unlit section of motorway. However, the difference was not 
significant (t == 1.82 < 2.92, n.s.) There was little difference in the proportions for the 
comparable section of motorways with high traffic flow and the 'A' maj or roads. 
Neither were significant: for motorways with high traffic flow t = -0.67 < 2.92, n.s., 
and for the ' A' major roads t = -0.19 < 2.92, n.s. 
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llowcvcr. comparing these total RTCs and . R s means that these 24h crashes includes 
period or time when it was light and. therefore. the effect of artificia l lighting at times 
when it wa dark could not be seen. RTCs and RCs durLng the ni ght/early morning 
hours. 0000h-0400h. when it is dark throughout the year, were. therefore, compared. 
figure 30 hows that Hghting ccm to ha c little effect in reducing all crashc on 
motorwa) with average flow . A ·mall impro ement \\ith lighting i ccn ~ith the 
high traffic OO'-\ motorwa s. Data is not included for the ·A' roads a RI Cs and R 
\\Cre too mall during this 4h period to make aluablc comparison . 
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Figure 30: RTCs for compamble lit amlu~tlit sections of motorways atnigltt (0000-
040011) 
Figure .., I hows the proportion of the e era hes during these amc hours that were 
·Jeep related. For the motorways. lighting resulted in a more consistent but mall 
reduction ( 13% reduction for the motorways with average traffic no, s and 6% for 
those with high traffic flow). The relationship between the ratio of RCs to RTCs on 
the lit motorway wi th average traflic now during these hours of darkness compared to 
the ratio of SRCs to RTCs on the unlit motorway with average traffic now during these 
same hours was not significant: t = 0.54 < 1.92. n.s. The same was true for motorways 
with high traffic now motorways. I = 0.46 < 1.92. n.s. 
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Figure 31: SRC as a Proportion of Total rashes for Lit Vs nlit Road at iglrt 
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7.3 EFFECT OF NATURAL LIGHT 
7.3.1 Method 
"ections of roads without roadside lighting were elected to consider the effect of 
natural light and darkness. These numbered 14. comprised di ffercnt road types and 
were: motorways, the M20, M25, MS, M40 and M6 and the A 1 (M). dual carriageways. 
two sections of the A 1 (T), the 1\ 19(T)//\ 168(T), a road of varying carriageway, the 
A417(T). single carriageways, the A IS(T). the A 19. and the A 52, ami a • B • road. the 
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8 6403. Da ta for the two hours 0530~0730h were analysed fo r two, three month 
periods, May to July when there was natural daylight. and November to January when 
it was dark. This time of day a lso fa lls within the trough of the 24h biological clock. 
7.3.2 Results 
As a proportion of RTCs, SRCs were 30% for daylight hours, compared with I 0% fo r 
the dark. The difference between the proportions of RTCs that were SRCs during 
daylight and darkness was highl y significantly different: t = ~ 1 8 .70 > 9.925, p = 0.005. 
See Figure 32. 
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Figure 32: SRCs as a Proportion of Total RTCs during 0530-073011, day light and 
darkness 
7.4 DISCUSSION 
A marginal reduction in the proportion of crashes that were SRCs on motorways when 
roads are artifi cially lit at night may be due to more stimulation fo r sleepy drivers. 
However, there were marg inally more sleep crashes per mile per year when motorways 
are natw·ally l ighl than in the dark. There was a significantly greater p roportion of 
SRCs dur ing hours of daylight (0530-0730h May, June and July) than darkness (0530~ 
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0730h November, December, January). This could be due to drivers from different 
population groups dri ving on the roads in the summer during the earl y hours of the 
momjng. perhaps holidaymakers less experienced at dri ving at this vulnerable time of 
the day. 
Datasets were too small to come to any conclusions about the lit and unlit sections of 
·A' roads, parti cularly for the A38. 
Driving behaviour might be different at night and this should be bome in mind when 
making comparisons. In add ition, duration of drives might be differe nt. with drivers 
aiming to reach the ir destinations at any cost. Drivers may be tempted to drive faster 
when there is less traffic and the road is li t. Assum et al ( 1999) reported on dri vers 
increasing their speed and reducing concentrati on when road light ing was installed. 
Other empiri cal findings have shown that drivers increase their speed and reduce the ir 
concentrati on during hours o f darkness when road lighting is present (J0rgensen & 
Pedersen. 2002). Additionally. a propensity for s leepiness will be higher at night, 
making driving more hazardous in a mam1er that cannot be aided by enhanced lighting 
leve ls (Lay, 1998). Thus, the safety effec t of road lighting in reducing road traffic 
crashes (all causation factors) is questionable. 
7.5 KEY POiNTS 
• When it is always dark throughout the year, i.e. between midnight and 0400h, and 
when traffic flow and road distance are controll ed for. aititicial road lighting 
marginally reduced total RTCs on motorways and the proportion of crashes that 
were SRCs. 
• Comparing RTCs fo r the hours of 0530-0730h during the summer months when 
roads are natura lly light, with the same hours during winter months when roads are 
natura lly da rk, there are notably less RTCs in daylight than in darkness. However, 
there is a s ignjfi cantly greater proportion of SRCs during natural daylight than 
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during darkness. This comparison also includes seasonal variation of cour e. but 
\\hen there were adver e \\Cathcr condition crashes were excluded from being 
sleep related. 
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CHAPTERS: 
THE EFFECT OF DIFFERING TRAFFIC VOLUMES ON 
SLEEP RELATED CRASHES 
8.1 INTRODUCTION 
Research has shown that the number of road traffic crashes (RTCs) occurring at 
particular times of day is partly a function of traffic density, that is, the more vehicles 
on the road , the more crashes there are (Webb, 1995). However, UK Government 
statisti cs show that the number/rate of road accidents per 100 million vehicle 
kilometres (all severities) is highest in minor roads and built-up ' A' roads; motorways 
and A(M) roads have the lowest number of accidents (DIT, 2003a). For the year 2000, 
the rate for minor roads ('B ', 'C', and 'Unclassified ' roads) was 11 6,791 ; for ' A' roads 
it was 107,544, and for motorways, the rate was 9,394. 
A European wide road assessment programme (EuroRAP) reported on signi·ficant 
differences in fatal and serious crash rates on roads in Great Britain with less than 
10,000 Average Am1ual Daily Traffic (AADT), roads with 10,000 to 20,000 AADT, 
20,000 to 30,000 AADT, and roads with more than 30 000 AADT (Lynam et al. , 2003). 
The authors reported on a downward trend in crash rate per vehicle km as flows rise 
(78.6 crash rate per veh km when traffic flow ==< 10,000 AADT; 33 crash rate per veh 
km when AADT = >30,000). Furthem1ore, the crash rate on the ' national ' ' A' roads is 
significantly lower (about 37% lower) than that on the ' regional ' (non-trunk) ' A ' roads. 
This may be because the 'A' ' regional' roads in general have lower traffi c flows, and 
these non-trunk roads tend to nm through villages and small towns, ie more populated 
areas. Data showed very little variation in fatal and serious crash rate with traffic flow 
for motorway sections. 
Botl1 typical traffic density and accident rate (all traffic crashes) peak in the morning 
and afternoon (Akerstedt & Kecklund, 200 1; Borne & Reyner, 1995a). However s leep 
related crashes are more likely to occw· when traffic flow is light, late at night and 
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during the early hours of the morning, (Home & Reyner, 1995a, Home & Reyner, 
1995b, Maycock, 1996). In experiments designed to assess changes in sleepiness and 
peiformance, Mavjee & Horne (1994) found that boredom greatly increased sleepiness. 
Undemanding and monotonous driving is a task prone to sleepiness (Finkelman, 1994). 
It seems most likely then that crashes possibly or probably caused by driver sleepiness 
wi ll occur during long distance dri ving in low traffic, that is, during a monotonous task 
with little acti vity required from the driver. 
8.2 METHOD 
Motorways and non-motorways with differing 24h flows, AADTs (Annual Average 
Daily Traffic Flows) were selected: Eight sections of motorways and _nine sections of 
other roads, that is, ' A' n·unk and regional roads and one 'B · road. The sample distance 
of the 17 sections of roads varied from 8 miles (13 km) to 34 mi les (55 km). The 
average was 2 1 miles (34 km). Traffic flows were obtained from agencies contracted 
out by the Highways Agency. These were W. S: Atkins Babtie, Capita, and Mouchel 
Consulting Ltd. Flows were provided from a mixture of permanent and variable 
counting sites on both carriageways of each section of road, to give AADTs for both 
directions. Table 17 shows the mean AADT (both directions) for each road type. 
Road Type AADT (mean both directions) 
Motorway primarily 3 lanes 68,517 - 114,035 
'A' 2/3 lane motorway 60,593 
' A' Trunk dual c/way 25,899 - 48,688 
' A' Trunk single c/way 9,322 
'A' Trunk varying c/way 24,626 
' A' Single c/way 7,312 - 9,280 
' B' Single c/way 5,801 
Table 17: 24/z Traffic Flows (AADTs) 
Traffic flows were also requested in two hourly blocks to plot day- and night-time 
distribution. 
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8.3. t 2h Traffic Flow 
Figure 33 shows traffic nows for 2h periods for each of the I 7 di ffcrcnt sections of 
roads. Most show the expected times for peaks and troughs. that is. low night-time 
nows. rising substantially at 0600h to high tramc nows during the rush hour. of 0800-
0900h and 1700-1 800h. TI1ere i · lcs · variation in 2h traffic flows on the single 
carriageway roads with lower traffic flow . 
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8.3.2 Road Traffic Crashes /Sleep Related Crashes and Traffic Flow 
This chapter reports on 2002 RTCs resulting in death or il?j u1y . Overa ll, 18% (358) of 
the RTCs were possibly or probab ly caused by driver s leepiness. T he percentage of 
crashes that were SRCs varied between the di fferent roads and road type, and ranged 
from 3% to 28%. Table 18 shows the smallest and highest traffic nows fo r each road 
type and the proportion of RTCs that were SRCs. 
% RTCs 
Road Type AADT (both directions) that are 
SRCs 
Motorway 68.5 17 - 11 4.035 28% - 12% 
·A· 2/3 lane motorway 60,593 16% 
·A' Trunk dual c/way 25,899 - 48.688 16% - 15% 
·A' Trunk s ingle c/way 9,322 17% 
'A' Single c/way 7,312 - 9,280 3% -4% 
' B' Single c/way 5.80 1 6% 
Table 18: Proportion of RTCs tlrat are SRCs 011 different road types· with differing 
AADTs 
8.3.3 RTCs/SRCs and Traffic Flows by Time of Day 
Figme 34 compares traffic fl ows (mean for all roads) wi th the incidence of RTCs and 
SRCs (all roads). Data was available fo r 1997 of the RTCs (17 roads). Typically. 
traffic flows were light during the night/early hours of the morning (as Figure 33 
showed) when RTCs (all causes) were also low. The number of RTCs began. to rise 
with traffic flows, increasingly from 0600h. Traffi c peaked at 0800-1 OOOh, and, more 
substantiall y a l 1600-180011 when RTCs were at their highest. This latter peak in traffi c 
flow and RTCs is typical of national findings (DIT, 2003). However, these peaks and 
troughs are not typical for sleep related crashes. SRCs are more likely to occur 
between the hours of 0200-0600 when traffic fl ows are low and to a lesser extent, 
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during 1400-1 600h (see Chapter J). FigUJe 34 shows a more even distribution of sleep 
crashes over the 24h period. However, 30% of SRCs occurred between midnight and 
0600h when trafiic flows were low, compared with 12% of all crashes during the same 
early morning hours (note that these include SRCs). 
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8.3.4 RTCs and SRCs in relation to mean traffic movement 
140000 
120000 
100000 
80000 
60000 
40000 
20000 
0 
Traffic flows (based on 2y data) for each section of road were combined to give mean 
traffic movement per 2h. Figure 35 shows all non-sleep related crashes compared with 
SRCs. Both are shown in proportion to traffic movement (vehicles per 2h). Non-sleep 
related crashes were highest during the two hour period 0200-0400h with li ttle 
variation over time for the rest of the 24h period; remaining between 0.0002 and 
0.0003. However. SRCs were noticeably high during the night and early hours of the 
morning. SRCs fe ll substantially from 0600h and continued low throughout the day 
until 2200h when they began to rise. 
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8.3.5 RT a nd RC per mile per yc;1r 
For comparison. the number of Road rraffic ra he . and Jeep Related 'ra hcs p~.:r 
mile per year was calculated. 
Figure 36 shows the total number of road crashes per mile per year for each road 
against 24h traffic density. The data arc plotted into two groups; motorways arc shown 
using blue triangles, and other roads arc shown here by orange squares. Each point 
represents a different section of road. As expected. RTCs rise with an incrca c in 
traffic ' olume. The incline is tccpcr lbr motorways. In both ea es the correlation is 
·ignilicant at r = 0.8-J. (p<O.OI) for moton'a) and r = 0.76 (p<0.02) for non-
rnotomays. 
Figure 37 shows tl1e comparable graph for R Jeep related crashes rise as traffic 
den ity increases on the non-motorways, as for RT s. r = 0.94 p<O.O I. llowcvcr, the 
correlation fo r motorways is not significant (r = 0.52 ns). 
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8.3.6 Early Morning Traffic Flow 
Re carch bows that sleep crashe · are more likely to occur during the earl) hours of the 
morning ( cc Chapter I). Thi ection report on the number of road traffic era hcs (all 
causes) and sleep related era hes from the 17 different sections of roads that occurred 
during 0200h-0600h. 
Figure 38 shows RTCs per mile per y<.:ar 0200-0600h against traffic no-. s during the 
same period. A for the prc ious figure. each blue triangle reprcs<.:nts a tliiTcrcnt 
motOf"\\a and each orange quare a non-motof"\vay. 
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Figure 38: 0200-060011 Traffic Density and A LL Road Crashes per mile per year on 
Motorways mu/ Non-Motorways 
Correlations are different for the two groups of roads. There is a significant correlation 
for all era he /mile/year (as for 24h) r = 0.83 p<O.O I for motorway . llov.c cr. for the 
non-motof"\vay group the correlation is not significant. aJthough borderline. r 0.58. 
For R ' . the correlations are not ignificant for both group of roads (r - 0."'8 for 
non-mol rways and r = 0.5& for motorway ). ee Figure 39. 
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Figure 39: 0200-0600/t Traffic Densi~y and Sleep-Related Crashes per mile per year 
011 Motorways and Non-Motonvr~11.5 
Figure 40 shows the proportion of total crashes that arc sleep related during the earl 
hour of the morning. 
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106 
The alucs for the non-motorway roads arc scattered without any trendline. The 
sample is too ·mall for non-motorways and gives a random scatter. llowever. for the 
motorv.a)s. a trong negwive ignificant correla1ion is hown (r =- 0.98 p<O.OJ). 
8.3.7 24h T raffic Density ~md leep Related n1shes as a Proportion of all 
rashes 
Figure 4l shows the proportio11 of all era hcs (24h) re ulting from driver sleepiness t<.1r 
each road. again showing the t\\O categories of roads. There i an imerc Ling 
relation hip between 24h trallic olumes and sleep crashes as a proportion of all road 
crashes. On the roads that arc non-motorways. the· A· and ·s· roads. the proportion of 
R s increase v ith an increase in traffic densit) . and there is a igni ficant correlation. 
r = 0.76 p<0.02. Ho·wever. with motorway ~ the oppo ite is true. There is a ncgati,·c 
correlation. r = - 0.83 p<O.O I . .' lccp rashes as a proportion of all crashes decrease as 
traffic volumes increase. 
Considering the two ·groups' of motorways a a single group. the proportion of crashe 
that arc leep related increa c ' ith traffic density for the ·A· and · 13' road · and the 
motorways to a motorwa with an AAD r of just under 80.000. llowevcr. the 
proportion of RCs decrca ·e ' hen 24h traffic volume is 80.000 and continue to 
decrease as traffic flo, inc:reme.\. 
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Figure 41: Traffic Density and Sleep Related Crashes per 24h as a Proportion of Total Road Traffic Crashes on Motorways and Non-
Motorways 
8.4 01 ION 
Figure 34 shows a more even distribution of R over the 24h period than previous 
research has shown. This might be as a result of a modern 24h society and a greater 
proportion ofshiflworkers driving home at the end of their shift. 
Wh do proportions of RTCs caused b) sleep) drivers rise and then fall v.ith increa ing 
traffic den ity (Figure 41 )? A possible explanation for this trend i that more ehiclc 
on a motorwa provide greater stimulation for dri ers, a less boring en ironment. 
which lessens the likelihood of sleepiness. The opposite trend for non-motorway 
could be bccau e these are quieter road . ther eau es such as manoeu re error and 
speed arc more c ident as causes of road traffic era hes on non-motorway ·. There is 
the opportunity to drive faster when traflic density is low. Given that young men 
drivers arc more prone to SRCs, and these drivers arc more li ke ly to display ri sk taking 
behaviour (sec Chapter 9), this could account for more SRCs on roads with lower 
traffic flow . 
8.5 KE POI TS 
• As traffi c volumes increase on motorways and non-motorways so does the number 
of crashes per mi le (al l causes) both 24h and during the early morning hours (0200-
0600h). 
• R s per mile and 24h traffic den ity were significantly correlated with 24h traffic 
flows on non-motorway . and at o during the early hours of the morning. 
• n motorways, there was a po iti e trend between RCs per mile and 24h traffic 
flows, and a significant correlation during 0200-0600h. 
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• Interestingly, the proportion of crashes attributed to driver sleepiness increases as 
tra11ic llows increase on the ' 1\ · and '8' roads (r = 0.83 p<O.O I ), but. 
• On motorways, the opposite true. There i a strong negafh·e significant 
correlation bet\ een RCs and traffic volumes. 24h and during the early hour. of 
the morning. 
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CHAPTER9: 
MAIN DISCUSSION 
The database created for this study is one of the largest, most comprehensive dataset o f 
road traffic crashes in the UK. In-depth analyses of over 2,000 police fi les were carri ed 
out. This thesis considers issues of causation, vehicles involved, severity, time of day, 
week and month, sex, age and occupation of dri vers, and makes comparisons between 
different road types. Fundamental issues are addressed, such as the effect that natural 
and artificial lighting has on sleep related crashes, and the effect of differing traffic 
flows. 
Sleepy drivers ri sk injury and death, to themselves, and to others. Problems with 
reporting the number of crashes attributed to driver sleepiness have a lready been 
di scussed to a certain extent in previous chapters. Chapter 2 stated that it is impossible 
to quantifY driver sleepiness in the same way that it is for crashes attributed to alcohol 
for example. In addition, the same chapter discussed the problem with international 
and national reporting and specifically draws attention to the problems with UK data 
collection and reporting using STA TS 19 and police crash rep011ing form s that are 
different for each constabu lary. The recent tria l for proposed national data co llection 
enabled some forces to collect data on causation, with officers attributing each crash to 
a number of precipitating and causation factors. One of the causation factors on the 
proposed national police reporting form is "Inattention". " Inattention" is often 
attributed to either boredom or distraction, and a great many human errors while 
driving are classified as "inattention ' (Dinges, 1995). However, Zomer and Lavie 
(1990) point out that causes of crashes such as, fo llowing too close to the vehicle in 
front, may be as a result of driver inattention because of sleepiness. The inclusion of 
the word 'fatigue' on the proposed po lice report form gives addi tiona l cause for 
concern. Fell (1995) reported that drivers' description of fatigue included ' lack of 
attention ' and 'difficulty concentrating'. Driving can be a dail y activity that usually 
involves repetitive behaviour over a prolonged period of time. A dri ver must monitor 
his/her environment for information, interpret it, make decisions and follow this up 
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with physical control of the vehicle. Driving whil st sleepy is accompanied by many 
behavioural changes that are crucial for safe dri ving: information processing, the 
impairment of visual perception, the inability to maintain visually focused attention, 
and the impairment of higher cognitive functions (Lamond & Dawson, 1999; Harri son 
& Home, 2000). International literature shows that sleep deprivation impairs reaction 
time (for example, Dinges, 1995). Connor et al. (2002) found that driving after ~5h 
sleep increased the ri sk of a car crash resul ting in fatal or serious injuries. Philip et al. 
( 1999) reported that 50% of randomly selected car drivers had slept less than usual on 
the day they were driving; 12.5% had a sleep debt of >3h. 
Chapter 5 outlined issues of concern when determining whether crashes are ' possibly' 
or ' probably ' s leep related. However, to report, conservatively, that 18% of road 
traffic crashes are possibly or probably caused by driver sleepiness must warrant 
urgent action by individuals, by companies, authorities and the Government in order to 
reduce the deaths and casualties on our roads. Of course, I welcome the proposed new 
reporting system, with a replacement for the STATS J 9 form and a standard nationa l 
police reporting system, but these need to be implemented with police training so that 
offi cers recognize driver sleepiness as a cause of road traffi c crashes. Drivers are 
reluctant to admit causing crashes by falling asleep at the wheel, as they ri sk 
prosecution. There is no excuse for dri ving whilst sleepy. Studies both in the 
laboratory using car simulators and outs ide on roadside tracks report that drivers are 
aware of increasing sleepiness prior to fa lling asleep at the wheel. but, interestingly, 
some drivers do not associate this with falling asleep (Horne & Reyner, 1995b; Reyner 
& Home, 1998a; Baulk et al., 1998; Lisper et al. , 1986). However, Bonnet and Moore 
(1982) reported that at least 2-4 minutes of s leep have to elapse before sleep is 
perceived. Of course, drivers cannot remain asleep for more than a few seconds before 
crash.ing so this may be why dri vers have no recollection of falling asleep. Even brief 
episodes of sleep (' microsleeps') produce inattention and performance lapses lasting 
for several seconds (Taoka, 1998). These episodes can last for a fraction of a second or 
6 seconds or more. 
We need to train our police officers to ask the right questions both at the scene of the 
crash and to pursue causes of crashes at interview. When data collecting, it was 
interesting to view printouts of initial conversations between the attending officers at 
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the scenes of crashes and the police telephone operators. On one occasion an HGV 
driver claimed to have seen. at night. a white animal on tJ1e motorway ·'at the last 
minute" causing him to swerve. Later, during interview. the driver admi tted to falling 
asleep at the wheel. The real cause of the crash was only established because of the 
line of questioning used by the police orficer. aware of driver sleepiness as a possible 
or probable cause of crashes. uch instances are not uncommon. tutts et a l (2003) 
found discrepancies in drivers' initia l and further reporting of crashes. To report on 
causation of crashes needs an awareness approach by the police. and thorough 
inspection of every document associated with the crash. 
An important finding of this study is that driving durjng hours of darkness has little 
effect on crashes caused by driver sleepiness. The benefit of artilicial lighting in 
reducing all crashes is, therefore. questionable. Analysi of U1i s dataset showed only a 
marginal reduction of RTCs and Lh proportion of RTCs that were RCs when lighting 
is present. rurthermore, although road crashes (per mile per yea r) were reduced during 
hours of daylight compared with hours of darkness. there was a small increase in SRC . 
This may be due to the different types of roads within the dataset, as SRCs were more 
evident on motorways during the night/early hours of the morning compared to the 
non-motorway roads. 
Another important finding is the opposite trends for the proportion of crashes that arc 
SRCs vis-a-vis differing 24h traffic flows on motorways and non-motorways. Not 
tmexpectedly. the number of crashes (all causes) and RCs per mile increase as Annual 
Average Daily Traffic Flow increase (all roads), as does the proportion of crashes that 
are RCs on the non-motorway roads, but the opposite is true for the proportion of 
crashes that are SRCs on the motorways. Manoeuvre errors and shunt-type crashes, 
including travelling too close/too fast were more prevalent on the non-motorway roads. 
but it is interesting to consider the increasing trend for RCs on these roads. Perhaps 
the trend for motorways as traffic Oow increases is due to the demands of driving in 
heavy traffic, although why this should be when AADT is around 80.000 is unc1ear. 
This thesis reports on those crashes occun-ing on Lhe main carriageway of each section 
of road. 1 Jowever there were several crashes which occurred on the slip roads to/from 
motorways, and some on the service roads to Motorway ervice Areas (MSAs). 
IJJ 
Typically. a high proportion o f these in olvcd (i) the driver of the ehicle deemed 
responsible for the crash running into the rear of the vehicle in front. and. (ii) single 
vehicle crashes, where the driver left the road. The e. of cour c. can be categorised 
into shunt-type crashes and · too fast for the road· crashes. but it seems plausible that 
some of these could well be possibly or probably caused by drivers too s leepy lo 
continue driving and leaving the motorway for the ervice Area. For example. there is 
the case or an IIGV overturning on the entrance sli p to an MSA during the earl y hours 
of the morning. The driver could not remember how long he had been dri ing. or hi s 
rest hours; he may well have been driving v hilst sleepy. 
Other RTCs not included in this fi eld study were those resulting in 'Damage Only' or 
'General Incidents·. Few constabularies coll ect data for ' damage only' to the veh icle. 
us ing the ame data collection form as for those crashes resulting in injury. ome 
co llect minima l data using a small reporting card. More recently. constabularies have 
chosen not to collect data for crashes resulting in damage onl y, rather, correspondence 
is left to insurance companies. 'General incidents'. a lso termed ' cction 170 complied 
wi th ' , incur neither injury to persons nor damage to vehicles. but may have incurred 
damage to roadside furniture. There are a number of reasons why the inciden t is 
finali ed as' ection 170 complied with': it could be a minor crash in o lving a number 
of vehicles a nd details have already been exchanged; it could be a single vehicle c rash 
and the owner could not contact the owner of the property (eg damage caused to the 
crash barrier); it cou ld be a single vehicle crash and there is no firm evidence to 
prosecute the driver. There arc no paper fil es for these incidents; some arc recorded on 
poli.ce force computer systems. Some police forces have no recmd of such ' incidents' . 
Almost nothing is known about these incidents. However, given that SRCs can be 
sing le vehicle crashes (Baker. 1968: Knipling & Wang, 1994), it seems plausible that a 
proportion of these 'General incidents' are s leep-related. Taking into account those 
RCs resulting in damage on ly. and ·general incidents· then. the number of RTCs in 
the UK caused by driver sleepiness cou ld be substantially increased. 
This research supports well-known findings that young male dri vers are more li kely to 
be attributed to sleep-related crashes than young women. According to Hanning & 
Welsh ( 1996), men drive significantl y greater distances eacb year than women and are 
more prone than women to crashes due to sleepiness. There are no UK norms on road 
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usage by age and time of day but it seems highly likely that young drivers may drive 
relatively more at night than middle-aged and older drivers. Young men tend to stay 
awake later at night, are more likely to drive at night during hours of darkness and 
particularly at weekend night. The sleep habits ofyoung men will often lead to greater 
sleep deprivation than older men (Lyznicki, et al. , 1998; feyer, 200 I). Young drivers 
are likely to display more ri sk tak ing behaviour, are over-confident, influenced by peer 
pressure and perceive themselves as being relati vely immune to dri ving hazards 
(Dejoy, 1992; Glendon et aJ. , 1996; Fergusson et al., 2003). In a roadside survey of 
young male nighttime drivers, Corfitsen (1994) fo und some drivers had stayed awake 
for more than 24h, and others had slept for less than 5 hours. Worryingly, some of 
these drivers stated that they were " rested". Young adults remaining awake in the early 
morning probably experience greater sleepiness during this time of day than o lder 
people, but they tend to deny sleepiness (Brendel et al., 1990). 
However, it is not only young men who are at risk. An important fi nding in this thesis 
is that men aged 2:7ly were responsible for 7% of SRCs on non-motorway roads 
compared to 2% of SRCs and RTCs on motorways. Research shows that older persons 
increasingly suffer from circadian fatigue in the afternoon. Crashes attributed to older 
individuals in the afternoon may be related to shortening of sleep length (Carskadon & 
Dement, 1982). Also, the afternoon 'dip' becomes more apparent as we get older 
(Monk, 1989). 
This research also sl1ows that women should not be excluded from concerns about 
SRCs. Sleep y women drivers were responsible for crashes later during the 24h period 
than men, that is, between 0800-1 OOOh, when the rate for men fell. Young women 
drivers aged :S30y were responsible for a high proportion of SRCs on non-motorways 
(67%) compared to RTCs (35%) and SRCs on motorways (39%). 
Does 'journey's end" have an effect on the occurrence of crashes possibly or probably 
caused by driver sleepiness, both for commercial and holiday traffic? Noticeably, there 
were twice the number of crashes coast-bound on the M20 than London-bound, 
possibly as a result of journey' s end, and more sleepy dri vers. This finding is similar to 
that of Home & Reyner's (1995b). From a telephone survey, Fell (1995) reported that 
crashes, or near crashes, were more likely to occur during journeys when heading 
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home, dri ving from hotels/motels, tourist attractions and from work; 25% of dri vers 
responsible for SRCs or near-crashes were dri ving to or from holiday. Analysis of the 
dataset for this thesis shows peaks of SRCs during August and October. These are 
peak holiday times. It may be that these crashes are possibly or probably caused by 
sleepy drivers as a result of restricted sleep due to holiday preparation the night before 
travelling and driving long distances to/from their holiday destination at times when 
they would normally be asleep. Philip et al. (1996) reported on findings from 
interviews of summer vacation drivers attempting long distances. Drivers travelling on 
holiday who started their journey at night (2000h-0800h) were significantly sleep 
deprived. 50% of drivers had substantially reduced their sleep the night prior to 
departure (10% had no sleep). This behaviour was a planned decision, mainly due to 
packing and making preparations for the trip, as well as following 'safe trip' 
recommendations by the French Government on the TV and radio advising avoiding 
driving during heavy traffic at peak hours in holiday periods by starting long journeys 
very earl y in the morning or late at night. Furthermore, Philip et al. (1997) found that 
88% of drivers driving long distances had reduced their sleep time the night before 
departure and were acutely sleep deprived before the start of their journeys. Home & 
Reyner (1996a) reported that delayed bedtime combined with an early start in the 
morning can lead to deterioration in afternoon driving performance. 
So, what's to be done? It is clear that there needs to be a greater public awareness of 
driver sleepiness and the dangers of driving whilst sleepy. After all , sleep is a vital and 
biological need. The onJy way to reverse the physiological need for sleep is to sleep. 
Sleep is such a potent biological need that regardless of how well motivated, trained or 
professional an individual may be, the brain can and will initiate sleep. How do we 
reduce the number of crashes possibly or probably caused by drivers fall ing asleep at 
the wheel? Drivers have a duty of care to other road users. Whose responsibility is it 
to reduce sleep related crashes? Is education the answer, or is the design and type of 
road the answer? Or does legislation provide the answer? 
In New Jersey, USA, last yea r, the State Senate passed the first bill to specificall y 
address the issue of driving when fatigued. 'Maggie 's Law' was a landmark in 
legislation when fatigue driving was establi shed as recklessness under the vehicular 
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homicide statute. Maggie's mother had been rclentles in her effort to ee that ju ticc 
pre ailcd when U1e driver who ki lled her daughter received a suspended jail sentence 
and a 200 fine. The dri er admitted that he had been awake for 30 hours before the 
era h. In the K. a driver who falls asleep at the v.heel potentially commits a number 
of offences. The Road Traffic Act I 988. a amended by the Road Traffic Act 1991 
states that if a person drives a mechanically propelled vehicle on a road without ·due 
c:ure and alien/ion or witlwut reasonable consideration for other persons using the 
road or place · he/she is gui lty or an offence (Wilkin on. 200 I) . • uch an offence take · 
the fonn or careless and inconsiderate dri\•ing. rhe offences of dangerous dri\'ing and 
death by dangerou · driving were introduced by the Road Traffic Act 1991 . A dri er is 
guilty of dangerous driving if ' the way he or she drives falls below what would be 
expected of a c:ompete111 and c:urejit! driver. and, it would be obvious to a competent 
and careful drh·er tlwr drivinj!, in that way would be dangerous ·. Driver · v ho dri c 
whilst they arc sleepy surely drive wi thout considermion for others. ' uch dri ers arc 
not competent drivers; their behaviour is dangerous. Gary l lart was found guilty of 
death by dangerous driving on ten account and entenced to six years imprisonment. 
ompanics too are morally guilty of causing dangerous driving by a llo"' ing dri cr. to 
break legal dri ing limit . Legal precedent \ as made when two directors of a haulage 
company v ere found guilty or manslaughter (see Chapter I). Director \ ith 
respon ibility for driver ' hours should bear criminal liabili ty. 
European legislation and UK la\ prc ently specifics U1e amount of time that IIGV 
driver arc allowed to drive. urrcntly, within any 6 day period an IIGV dri er can 
drive for up to 56h (with breaks and rest periods). If other working hours arc included, 
such as loading and waiting to unload. then a driver can work for up to 8-/h in the six 
day period (EU 3820/85 and 3821185). IIGV driver can drive continuously for 4.5h 
without a break: bus and coach drivers for 4h. There is much evidence (tachograph 
infringements), however, that dri ers exceed these hours. For example. in U1e road 
crash audit data, an HGV driver ran into the rear of a goods vehicle in front. The driver 
had driven from Turin. Italy. to the K without his daily rest; he had been driving for 
19h and 33 minutes. The dri er denied fa lling a Jeep at the ' heel. but admitted 
tiredness could have been U1e reason for the crash. 
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There is no ev idence that 4 .5h is a ·safe' lengU1 of time to dri ve, rather, the Highway 
Code recommends that drivers take a break afte r 2h d1·iv ing. Fell ( I 995) reported on 
fati gue incidents occurring in the first two hoUJs of trips and Stutts et a l (2003) reported 
that ilie greatest risk of a sleep crash occurred a fter dri ving J -1 .9h. A lso note that there 
are no restrictions concerning time of day for HGV dri vers. The permitted legal 
number of ho urs can include the time when we are all vulnerable for s leep crashes. 
Furthermore, there is no regulati on of driving hours fo r car d ri vers. We need to be 
concerned about dri vers us ing cars for a living, specifica lly. company car drivers, light 
van drivers and taxi drivers. Additiona lly, there are car dri vers heading home after 
permitted driving of coaches or HGVs. T hese drivers have time pressures due to tight 
bus iness schedules and can be 'on the road ' for long hours. The car is a letha l piece o f 
equipment we fi·equently gel into. Yet the car is not perceived as a risk fac tor. We can 
dri ve for as man y hours as we want to, putting ourselve , and others at ri sk. Lynn & 
Lock wood ( 1998) found that on average. company car dri vers (includ ing vans up to 30 
cwt) had 50% more crashes thru1 o ther cru· dri vers. Maycock ( 1996) reported that 
company car drivers were more likely to have SRCs than other car dri vers 
Motorists need to perceive dri ving whilst sleepy as having a high ri sk of being 
punished for violating the law. We need effecti ve law enforceme nt and educati on 
about the dangers of driv ing whilst sleepy. Education by itself may fail if motorists 
cannot be convinced that they are at risk of a s leep-related crash; education may onl y 
be effective when backed up by rigorous reinfo rcement. An alternati ve to prosecution 
fo r careless or incons iderate dri ving is the voluntary Driver Improvement Scheme, 
offered by some police forces. These schemes are run by the local authority and aim to 
improve the driv ing skills, attitudes ru1d behaviour of those taking part through theory 
and driver training. The issue of driver sleepiness must be discussed at these driver 
improvement schemes. Additiona ll y, cow-ses should be available for drivers, s imilar to 
the ones some constabularies run for drink drivers offenders. Dri vers o n these courses 
have a lready been disqualified and fined for their offence, but they are taught about the 
effects of alcohol consumption, ie, its effects on the body and on performance, 
particularl y driving abili ty and behaviour. Local authorities receive some sponsorship 
for the Driver Improvement Schemes from ilie Government 's Think! road safety 
campaigns. 
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The first of the Think! campaigns was launched in 2000. As well as sponsorshi p, these 
campaigns feature television and rad io advertising. posters and lea fl ets. Dri ver 
sleepiness is now covered by thi s campaign. Variable Message igns on the motorway 
network have displayed the message «Thi nk! Don' t Drive Ti red··. Other driver 
awareness ini tiatives include the permanent motorway signs: "Tiredness Can Ki ll : 
Take a Break" usually di splayed j ust before Motorway Service Areas. These signs 
we re as a result of studies carried out by Hornc & Reyner ( 1995a). Additionally, the 
Highway Code was reissued in !999 and incl.uded advice about driving and tirednc . 
fnternationally, publi c education about dri er sleepiness has taken various forms 
(Flatley & Reyner. 200 I). 
Countenneasures to dri ver sleepiness have been researched but the only safe 
coun termeasure when driving is to top driving (Dinges. 1995: Horne & Reyner. 
1995b: llorne & Reyner. 1996a). Reyner & llorne ( 1997) have provided evidence that 
driver sleepiness can be overcome for about 2h by stopping d riving, and combining 
caffeine with a short nap. uch evidence re inforces the provision of serv ice areas at 
interva ls on motorways and trunk roads. Safe and we ll-maintained roadside rest area 
could encourage sleepy drivers to take a break (Lyznicki. 1998), but the location is 
important (Reyner et al. , 200 I). Further research is needed into the provision and 
effectiveness o f MSAs. Drivers should be encouraged to use roadside service areas, 
not only by education, that is, giving them the knowledge that they need to stop and 
take breaks, and the effecti ve cow1termeasure for s leepy drivers, but also by the 
provision of 24h inexpensive faci lities as it can be expensive to eat and d rink at 
motorway service areas. The provision of roadside rest areas should be encouraged. 
Cw-rent MSAs are expensive to build and to run. They can be overcrowded. At peak 
holiday times, for example, traffic can ' back up' on the main carriageway of a 
motorway when car parki ng capacity at the M A is exceeded. The provision of 
roadside rest areas equivalent to the French aires should be considered. These provide 
a much les expensive option than the MSAs we currently have a longside UK roads. in 
terms of land and building costs, and facil ities to the public. We need to develop a 
roadside rest area system as an integral part of road safety. 
Finally, are there predictors of sleep-rela ted crashes? This fie ld study considered the 
extent o f SRCs on motorways and non-motorway roads. Drivers can be advised to 
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avoid roads of monotonous design, that is. straight sections of road with non- arying 
landscape. llowever. the characte r of the road itself cannot be a predictor for an R . 
and e en if it was. there are constraints on drivers with regard to choice of road, that is, 
where they live and their destination. Rathe r. we should consider a combination of a 
number of predictors as a profile of Jeep related crashes. As a result of this field study, 
the typical scenario is: 
young male car driver wlto drives for a living or wlto is employed in skilled mtmunl 
occupation, driving during lite niofl t/enrly !tours of lite moming, 011 a motorway witlt 
an AADT o/60-80,000. 
FURTHER RE EARCH 
In reporting that I 8% of road traffic crashes arc possibly or probably eau cd by driver 
sleepiness it should be noted that thi is a con ervativc proportion. ome crashes could 
not be attributed to driver slcepinc s becau ·c of the rigidity of the et of criteria u ·cd. 
For in Lance, crashes attributed to 'tyre blowouts' by the police could well have been 
tyre ·blowins'. that is damage to tyres as a re ult of the crash, and a causal factor could 
well have been driver sleepiness. Further r ad crash audits could be carried out using 
modified criteria that offer some nex ibility when viewing police road crash records. 
Noticeably, 29% of crashes possibly or probably eau ed by driver s leepiness resulted in 
fatal or serious injuries. compared to 20% for RTCs and almost one third (28%) of all 
fatal crashe were possibly or probably eau cd by sleepy drivers. Further research 
could investigate wby the proportion of RCs resulting in fatali ties arc higher than 
RTCs. Additionally, why are RCs on non-motorways more likely to resu lt in fatal or 
serious injury (44%) than those on motorways (24%)? 
The proportion of crashes that were RCs on the differem sections of roads varied from 
3% to 28%. lt is not clear why this is. Further research could cons ider whether road 
design has any bearing on the differing proportions. As expected, RTCs and R s per 
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mile per year increased witl1 traffic flow, as did the proportion of crashes that were 
sleep related, but when 24h traffic flow reaching approximately 80,000, SRCs as a 
proportion of RTCs decreased and continued to decrease as traffic flow increased. As 
yet, there is no explanation for this fact. As numbers of crashes and proportion of 
crashes that are SRCs increase/decrease, does the number of casualties on motorways 
and non-motorways increase or decrease? Are there sex and age d ifferences? Can 
crash distribution by road type and geographic location be predicted? What are the 
outcomes? 
The police need to be advised of the location of clusters of SRCs and what can be done 
to prevent further crashes at these areas. Importantly, given that the proposed new 
national road crash data form to be used by the police includes 'fatigue'/'driver 
sleepiness' , it is essential that police personnel are trained to recognise SRCs when 
recordi ng explanations from drivers at the scene of a crash and that they know which 
questions to ask when conducting subsequent interviews. Guidelines on attributing 
crashes to driver sleepiness should be made available to constabularies. 
Given that the Govemment's advice to drivers in the Highway Code is to take a break 
after 2h driving, the effectiveness of Motorway Service Areas (MSAs) in reducing 
sleep related crashes should be researched. Road crash audits could be carried out 
around selected MSAs, together with surveys of drivers using MSAs. What ev idence is 
there that MSAs reduce SRCs? How does their location affect the distribution of 
SRCs? Are there differences between vehicle types? Does the situation change with 
vulnerable t imes of the day? Are certain MSAs better than others in reducing SRCs 
and if so, w hy? What is the profiie of a driver stopping at a UK MSA? 
Further research could consider combinations of a number of variables as predictors of 
a profile of a driver li kely to possibly or probably cause a sleep related crash . Is thi s 
profile different for differing road types? Given the profi le of an SRC, what is the 
likely outcome, that is, severi ty and nwnber of casua lties? 
12 1 
REFERENCES 
Akerstedt, T., Czeisler, C. A., Dinges, D. F. & Horne, J. A. (1994). Accidents and 
Sleepiness: A Consensus Statement from the International Conference on Work Hours, 
Sleepiness and Accidents, Stockholm, 8-10 September 1994. Journal of Sleep 
Research,(3) : 195. 
Ak.erstedt, T. & Gillberg, M. (1990). Subjective and Objective Sleepiness in the Active 
Individual. International Journal a_[ Neuroscience. 52: 29-37. 
Akerstedt, T. & KeckJund, G. (2001). Age, gender and early morning highway 
accidents. Journal o.fSleep Research, I 0, 105-110. 
Akerstedt, T. P., Kecklund, G. & Horte, L.G. (2001). Night Driving, Season, and the 
Risk ofHighway Accidents. Sleep, 24(4): 401-406. 
Arnold, P. K., Hartley, L. R. , Carry, A., Hochstadt, D., Penna, F. & Feyer, A. M. 
(1997). Hours of Work, and Perceptions of Fatigue Among Truck Drivers. Accident, 
Analysis and Prevention, 29(4): 471-477. 
Assum, T. , Bjornskau, T. , Foser, S. & Sagberg, F. (1999). Risk compensation- the case 
of road lighting. Accident Analysis and Prevention, (3 1 ), 545-553. 
Baker, J. S. (1968). Single vehicle accidents: A swnmary of research findings . 
Washington, DC, Traffic Institute Northwestern University for Automotive Safety 
Foundation. 
Baulk, S. D., Axelsson, J. S., Reyner, L. A. & Home, J. A. (1998). Driver Sleepiness: 
"Real World" Validation of Simulator Studies. Journal of Sleep Research, 7 (Suppl 2): 
19. 
Bonnet, M. H. & Moore, S. E. (1982). The threshold of sleep: perception of sleep as a 
function of time asleep and auditory threshold. Sleep, 5: 267-276. 
122 
Brendel, D. H., Reynolds, C. F., Jennings, J. R., Hoch, C. C., Monk, T. H., Bennan, S. 
R., Hall, F. T., Buysse, D. J. & Kupfer, D. J. (1990). Sleep stage physiology, mood, and 
vigilance responses to total sleep deprivation in healthy 80-year-olds and 20-year-olds. 
Psychophysiology, 27(6): 677-685. 
Broughton, J., Markey, K. A. & Rowe, D. (1996). A New System for Recording 
Contributory Factors in Road Accidents. Project Report PR/SE/229/96. Transport 
Research Laboratory. Crowthome, UK. 
Bruneau, J. F., Morin, D. & Pouliot, M. (2001). Safety of Motorway Lighting. 
Transportation Research Board. Washington, USA. 
Carskadon, M. A. & Dement, W. C. (1982). The Multiple Sleep Latency Test: What 
Does It Measure? Sleep, 5 (Suppl 2): S67-S72. 
Comte, S. L. & Jamson, A. H. (2000). Traditional and innovative speed-reducing 
measures for curves: an investigation of driver behaviour using a driving simulator. 
Safety Science, 36(3): 137-150. 
Connor, J., Norton, R., Ameratunga, S., Robinson, E., Civil, 1., Dunn, R., Bailey, J. & 
Jackson, R. (2002). Driver sleepiness and risk of serious injury to car occupants: 
population based car control study. BMJ, 324(1125). 
Connor, J., Norton, R., Ameratunga, S., Robinson, E., Wigmore, B. & Jackson, R. 
(200 1 ). Prevalence of Driver Sleepiness in a Random Population-based Sample of Car 
Driving. Sleep, 24(6): 688-694. 
Corfitsen, M. T. (1994). Tiredness and visual reaction time among young male 
nighttime drivers: a roadside survey. Accident Analysis and Prevention, 26(5): 617-624. 
Crawford, A. (1961). Fatigue and Driving. Ergonomics, 4: 143-154. 
Dejoy, D. M. (1992). An examination of gender differences in traffic accident risk 
perception. Accident Analysis and Prevention, 24(3): 237-246. 
123 
Desmond, P.A. & Matthews, G. (1997). Implications of task-induced fatigue effects 
for in-vehicle countermeasures to driver fatigue. Accident Analysis and Prevention, 
29(4): 515-523. 
Dff (1999). Help Save Lives - Fill in your Sats 19. 
Dff (2003a). Road Accidents Great Britain: 2002: Annual Report. Department for 
Transport. London, UK: Her Majesty's Stationery Office. 
Dff (2003b). Transport Statistics Great Britain: 2003 Edition. Department for 
Tranpsort. London, UK: Her Majesty's Stationery Office. 
Dinges, D. F. (1995). An overview of sleepiness and accidents. Journal of Sleep 
Research, 4(Suppl 2): 4-14. 
Elvik, R. (2000). How much do road accidents cost the national economy? Accident 
Analysis and Prevention, 32(6): 849-851. 
Fell, D. (1994). Safety Update. Problem Definition and Countermeasure Summary: 
Fatigue. New South Wales Road Safety Bureau, RUS No. 5, July 1994. 
Fell, D. (1995). The road to fatigue: circumstances leading to fatigue accidents. In L. R. 
Hartley (Ed), Fatigue and driving: driver impairment, driver fatigue and simulation. 
London: Taylor & Francis. 
Fell, D. L. & Black, B. (1997). Driver Fatigue in the City. Accident Analysis and 
Prevention, 29: 463-469. 
Fergusson, D., Swain-Campbell, N. & Horwood, J. (2003). Risky driving behavior in 
young people: prevalence, personal characteristics and traffic accidents. Australian and 
New Zealand Journal of Public Health, 27(3): 337-342. 
Feyer, A. M. (2001). Fatigue: time to recognise and deal with an old problem. British 
Medical Journal, 322: 808-809. 
124 
Finkelman, J. M. (1994). A large database study of the factors associated with work-
induced fatigue. Human Factors, 1994(36): 232-243. 
Flatley, D. & Reyner, L. A. (2001). A survey of public education literature regarding 
driver sleepiness. Department for Transport. www.dft.gov.uk. 
Flatley, D., Reyner, L. A. & Home, J. A. (1998). Road "Audit" of Sleep Related 
Vehicle Accidents on aUK Motorway. Journal of Sleep Research, ?(Supplement 2): 
89. 
Folkard, S. (1997). Black Times: Temporal Determinants of Transport Safety. Accident 
Analysis and Prevention, 29(4): 417-430. 
Garbarino, S., Nobili L., Beelke M., De Carli F. & Ferrillo F. (200la). The 
Contributing Role of Sleepiness in Highway Vehicle Accidents. Sleep, 24(2): 203-206. 
Garbarino, S., Nobili, L., Beelke, M., De Carli F., Balestra, V. & Ferrillo F. (200lb). 
Sleep related vehicle accidents on italian highways. Giornale Italiano di Medicina del 
Lavoro ed Ergonomia, 23(4): 430-434. 
Glendon, A. 1., Dom, L., Davies, D. R., Matthews, G. & Taylor, R. G. (1996). Age and 
gender differences in perceived accident likelihood and driver competences. Risk 
Analysis, 16(6): 755-762. 
Hanning, C. D. & Welsh, M. (1996). Sleepiness, snoring and driving habits. Journal of 
Sleep Research, 5: 51-54. 
Harrison, Y. & Home, J. A. (2000). The Impact of Sleep Deprivation on Decision 
Making: A Review. Journal of Experimental Psychology: Applied, 6(3): 236-249. 
Hoddes, E., Zarcone, V., Smythe, H., Phillips, R. & Dement, W. C. (1973). 
Quantification of Sleepiness: A New Approach. Psychophysiology, I 0(4): 431-436. 
125 
Home, J. A. & Reyner, L. A. (1995a). Sleep Related Vehicle Accidents. British 
Medical Journal, 310: 565-567. 
Home, J. A. & Reyner, L. A. (1995b). Driver sleepiness. Journal of Sleep Research, 
4(Suppl2): 23-29. 
Home, J. A. & Reyner, L. A. (1996a). Counteracting driver sleepiness: Effects of 
napping, caffeine, and placebo. Psychophysiology, 33: 306-309. 
Home, J. A. & Reyner, L. A. (1996b ). Driver Sleepiness as a causal factor in accidents 
on the M180/A180 in South Humberside, from 1/9/94 to 30/8/95. A Preliminary 
Analysis. Unpublished report. Department for Transport. London, UK. 
Home, J.A. & Reyner, L. A. (1999). Vehicle accidents related to sleep: a review. 
Occupational & Environmental Medicine, 56(5): 289-294. 
Home, J. A. & Reyner, L. A. (2001). Sleep-related vehicle accidents: some guides for 
road safety policies. Transportation Research Part 4, 4: 63-74. 
Johns, M. W. (1991). A New Method for Measuring Daytime Sleepiness: The Epworth 
Sleepiness Scale. Sleep, 14(6): 540-545. 
Jones, T. 0., Kelly, A. H. & Johnson, D. R. (1979). Half a century and a billion 
kilometres safely. Transactions of the Society of Automotive Engineering, 87: 2271-
2302. 
Jorgensen, F. & Pedersen, P. A. (2002). Drivers' response to the installation of road 
lighting. An economic interpretation. Accident Analysis and Prevention. 34(5), 601-
608. 
Kerkhof, G. A. (1999). The Weekend Increases Sleep-Related Traffic Accidents. 
Archives of Physiology and Biochemistry, 1 07(2): 136-137. 
126 
Knipling, R. R. & Wang, J. S. (1994). Crashes and fatalities related to driver 
drowsiness/fatigue. Research Note, US Department of Transportation, Office of Crash 
Avoidance Research, Washington, DC. 
Knipling, R. R. & Wang, J. S. (1995). Revised estimates of the US drowsy driver crash 
problem size based on general estimates system case reviews. 39th Annual 
Proceedings, Association for the Advancement of Automotive Med, Chicago, USA. 
Lamond, N. & Dawson, D. (1999). Quantifying the performance impairment associated 
with fatigue. Journal of Sleep Research, 8: 255-262. 
Langlois, P. H., Smolensky, M. H., Bartholomew, P. S. & Weir, F. W. (1985). 
Temporal Patterns of Reported Single-Vehicle Car and Truck Accidents in Texas, USA 
during 1980-1983. Chronobiology International, 2(2): 131-146. 
Lay, M. G. (1998). Handbook of Road Technology. Amsterdam, Gordon & Breach 
Science Publishers. 
Leger, D. (1994). The Cost of Sleep-Related Accidents: A Report for the National 
Commission on Sleep Disorders Research. Sleep, 17(1): 84-93. 
Lenne, M. G., Triggs, T. J. & Redman, J. R. (1997). Time of day variations in driving 
performance. Accident Analysis and Prevention, 4:431-437. 
Lisper, H. 0., Laurell, H. & Van Loon, J. (1986). Relation between time to falling 
asleep behind the wheel on a closed track and changes in subsidiary reaction time 
during prolonged driving on a motorway. Ergonomics, 29(3): 445-453. 
Lynam, D., Sutch T., Broughton J. and Lawson, S.D. (2003). European Road 
Assessment Programme (EuroRAP) pilot phase technical report. Farnborough, UK. AA 
Foundation for Road Safety Research. 
Lynn, P. & Lockwood, C. R. (1998). The accident liability of company car drivers. 
Report No. 317. Transport Research Laboratory. Crowthome, UK. 
127 
Lyznicki, J. M., Doege, T. C., Davis, R. M. & Williams, M. A. (1998). Sleepiness, 
Driving, and Motor Vehicle Crashes. Journal of the American Medical Association, 
279(23): 1908-1913. 
Martikainen, K., Urponen, H., Partinen, M., Hasan, J. & Vuori, I. (1992). Daytime 
sleepiness: a risk factor in community life. Acta Neurologica Scandinavica, 86: 337-
341. 
Mavjee, V. & Home, J. A. (1994). Boredom effects on sleepiness/alertness in the early 
afternoon vs. early evening and interactions with warm ambient temperature. British 
Journal of Psychology, 85: 317-333. 
Maycock, G. (1996). Sleepiness and driving: the experience ofUK car drivers. Journal 
of Sleep Research, 5: 229-237. 
Maycock, G. (1997). Sleepiness and driving: the experience of heavy goods vehicle 
drivers in the UK. Journal of Sleep Research, 6: 238-244. 
McCartt, A. T., Ribner, S. A., Pack, A. I. & Hammer, M. C. (1996). The scope and 
nature of the drowsy driving problem in New York state. Accident Analysis and 
Prevention, 28(4): 511-517. 
McCartt, A. T., Rohrbaugh, J. W., Hammer, M. C. & Fuller, S. Z. (2000). Factors 
associated with falling asleep at the wheel among long-distance truck drivers. Accident 
Analysis & Prevention, 32: 493-504. 
McConnell, C. F., Bretz, K. & Dwyer, W. 0. (2003). Falling Asleep at the Wheel: A 
Close Look at 1,269 Fatal and Serious Injury-Producing Crashes. Behavioral Sleep 
Medicine, 1(3): 171-183. 
McGwin, G. J. & Brown, D. B. (1999). Characteristics of traffic crashes among young, 
middle-aged, and older drivers. Accident Analysis and Prevention, 31: 181-198. 
128 
Minton, R. (2000). A new accident database, based on Police Fatal Road Accident 
Reports. Report 258. Transport Research Laboratory, Crowthome, UK. 
Mitler, M. M., Carskadon, M. A., Czeisler, C. A., Dement, W. C., Dinges, D. F. & 
Graeber, E. C. (1988). Catastrophes, Sleep, and Public Policy: Consensus Report. 
Sleep, 11(1): 100-109. 
Mitler, M. M., Miller, J. C., Lipsitz, J. J., Walsh, J. K. & Wylie, C. D. (1997). The sleep 
of long-haul truck drivers. New England Journal of Medicine, 337(11): 755-761. 
Monk, T. H. (1989). Sleep disorders in the elderly. Circadian rhythm. Clinics in 
Geriatric Medicine, 5(2): 331-346. 
Monk, T. H. (1991). Sleep, sleepiness and performance. Chichester: John Wiley & 
Sons Ltd. 
Murray, C. & Lopez, A. (1997). Alternative projections of mortality and disability by 
cause 1990-2020: Global Burden ofDisease Study. Lancet, 349: 1498-1504. 
NTSB (1990). Safety Study: Fatigue, Alcohol, Other Drugs, and Medical Factors in 
Fatal-to-the-Driver Heavy Truck Crashes. National Transportation Safety Board. 
Washington, DC, USA. 
NTSB (1995). Safety Study: Factors that affect fatigue in Heavy Truck accidents. Vol 
1. National Transportation Safety Board. Washington, DC, USA. 
Office for National Statistics (1998). OOSS User Guide: 6.1 Standard Occupational 
Classification. London, UK. Her Majesty's Stationery Office. 
Ogden, K. W. (1996). Safer Roads: A Guide to Road Safety Engineering. Aldershot, 
Ashgate Publishing Limited. 
Ogilvie, R. D. (2001). The process of falling asleep. Sleep Medicine Reviews, 5(3): 
247-270. 
129 
Pack, A. I., Pack, A. M., Rodgman, E., Cucciara, A., Dinges, D. F. & Schwab, C. W. 
(1995). Characteristics of Crashes Attributed to the Driver having Fallen Asleep. 
Accident Analysis and Prevention, 27(6): 769-775. 
Philip, P., Ghorayeb, I., Leger, D., Menny, J. C., Bioulac, B., Dabadie, P. & 
Guilleminault, C. (1997). Objective measurement of sleepiness in summer vacation 
long-distance drivers. Electroencephalography and clinical Neurophysiology, 102: 
383-389. 
Philip, P., Ghorayeb, I., Stoohs, R., Menny, J. C., Dabadie, P., Bioulac, B. & 
Guilleminault, C. (1996). Determinants of Sleepiness in Automobile Drivers. Journal 
of Psychosomatic Research, 41(3): 279-288. 
Philip, P., Taillard, J., Guilleminault, C., Quera Salva, M. A., Bioulac, B. & Ohayon, 
M. (1999). Long Distance Driving and Self-Induced Sleep Deprivation among 
Automobile Drivers. Sleep, 22(4): 475-480. 
Philip, P., Vervialle, F., Le Breton, P., Taillard, J. & Home, J. A. (2001). Fatigue, 
alcohol, and serious road crashes in France: factorial study of national data. British 
Medical Journal, 322: 829-830. 
Reyner, L. A. & Home, J. A. (1997). Suppression of sleepiness in drivers: Combination 
of caffeine with a short nap. Psychophysiology, 34: 721-725. 
Reyner, L. A. & Home, J. A. (1998a). Evaluation of 'In-Car' Countermeasures to 
Sleepiness: Cold Air and Radio. Sleep, 21(1). 
Reyner, L. A. & Home, J. A. (1998b). Falling asleep whilst driving: are drivers aware 
of prior sleepiness? International Journal of Legal Medicine. Ill: 120-123. 
Reyner, L. A., Flatley, D. & Home, J. A. (2001 ). Sleep-related vehicle accidents on 
sections of selected trunk roads and motorways in the UK (1995-1998). Road Safety 
130 
- -----
Research Report No. 22. Department for Transport. London, UK: Her Majesty's 
Stationery Office. 
Richardson, J., Fairclough, S. H., Fletcher, S. & Scholfield, J. (1997). Driver Fatigue: 
An Experimental Investigation. Ergonomics and Safety of Intelligent Driver Interfaces. 
Y. I. Noy. New Jersey. Lawrence Erlbaum: 329-343. 
Riemersma, J. B. J., Sanders, A. F., Wildervanck, C. & Gaillard, A. W. (1977). 
Performance decrement during prolonged night driving. Vigilance. R. R. Mackie. New 
York, Plenum Press. 
Road Safety Bureau, N. S. W. (1993). Problem Definition and Countermeasure 
Sununary: Fatigue. 
Sabey, B. E. & Jolmson, H. D. (1973). Roadlighting and accidents: before and after 
studies on trunk road sites. Transport Research Laboratory, Crowthome, UK. 
Sagberg, F. (1999). Road accidents caused by drivers falling asleep. Accident Analysis 
& Prevention, 31:639-649. 
Shafer, J. H. (1993). The decline of fatigue related accidents on the NYS thruway. 
Proceedings of the Highway Safety Forum on Fatigue, Sleep Disorders and Traffic 
Safety, Albany, NY. 
Stark, R. E. (1975). Studies of Traffic Safety Benefits of Roadway Lighting. Highways 
Research Record No. 440. Illinois Department of Transportation, USA. 
Stutts, J. C., Willcins, J. W., Osberg, J. S. & Vaughn, B. V. (2003). Driver risk factors -~ 
for sleep-related crashes. Accident Analysis and Prevention, 35(3): 321-331. 
Sununala, H., Hakkanen, H., Mikkola, T. & Sinkkonen, J. (1999). Task effects on 
fatigue symptoms in overnight driving. Ergonomics, 42(6): 798-806. 
131 
Summala, H. & Mikkola, T. (1994). Fatal Accidents among Car and Truck Drivers: 
Effects of Fatigue, Age, and Alcohol Consumption. Human Factors, 26(2): 315-326. 
Taoka, G. T. (1998). Asleep at the Wheel: A Review of Research Related to Driver 
Fatigue. Transportation Quarterly, 52(1 ): 85-92. 
Tilley, D. H., Erwin, C. W. & Gianturco, D. T. (1973). Drowsiness and driving: a 
preliminary report of a population survey. Proceedings of the International Automotive 
Engineering Congress, January 8-12, (pp 10-18), Detroit. 
Webb, W. B. (1995). The cost of sleep-related accidents: a reanalysis (Technical 
Comments). Sleep, 18(4): 276-280. 
Walmsley, D. A., Summersgill, I. & Binch, C. (1998). Accidents on modern rural 
single-carriageway trunk roads. Transport Research Laboratory Report No. 336. 
Crowthorne, UK. 
Wilkinson (2001). Wilkinson's Road Traffic Offences. Ed Wallis, P., McCormac, K. & 
Niekirk, P H. London, UK. Sweet & Maxwell Ltd. 
Zomer, J. & Lavie, P. (1990). Sleep-Related Automobile Accidents- When and Who? 
Sleep '90. J. A. Home. Bochum, Pontenagel Press: 448-451. 
World Wide Web References 
EuroRAP 2003. http://www.eurorap.org 
NHTSA 2003. http://www.nhtsa.dot.org 
DIT (SB (99) 21). http://www.statistics.gov.uk. Transport Statistics Bulletin. National 
Travel Survey: 1996-1998 Update. 
132 
APPENDIX 1: 
DESCRIPTION OF ROADS 
MOTORWAYS: 
Motorways are subject to the national speed limit of 70 mph for cars, and 60 m ph for 
goods vehicles over 7.5 tonnes maximum laden weight (HGVs). Legislation requires 
that speed limiters for HGVs are set no higher than 85 km/h (53 mph); powered speed 
should not exceed 90 km/h (56 mph). Motorways in the UK usually comprise three 
running lanes in both directions (separated by white line markings), each lane being 
3.65m (12 feet). The surface is usually black rolled asphalt. There are some concrete 
sections of roads; this is indicated in the description for each road. A central 
reservation (standard 4 metres) with an Armco safety barrier separates traffic moving in 
opposite directions. Marginal strip vibroline (rumble strip) measuring 0.3 metres is 
usually present on the nearside and offside of each carriageway. The rumble strips are 
bordered by red/amber reflective road studs. Mostly, there is an emergency hard 
shoulder which is 2.8-3.4m wide (10-11 feet wide), a concrete drainage channel, and a 
verge. A nearside safety barrier is present along sections of the motorway where 
protection is required such as structures, large signs and embankments. There are 
standard white, red, green and yellow road studs, which are depressible cast Halifax or 
similar, adhesive non-depressible stimsonite or similar, or of the non-depressible in 
casting stimsonite type. There are emergency telephones at intervals of 900m to 
1400m (approximately one mile). 
1. The Warwickshire section of the M40. This stretch of road is 25.5 miles long. The 
motorway enters the county just north of Shotteswell, some 81 miles from its 
commencement in London, and briefly dips into Northamptonshire for 
approximately 400 metres, (although this is policed by Warwickshire). The M40 
rejoins Warwickshire east of Warmington and continues to the junction with the 
M42 at Amold's Wood on the edge of Birmingham. The M40 is entirely rural, 
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featureless, and unlit within the Warwickshire area. There is one Motorway 
Service Area (MSA) prior to the Warwickshire boundary, some 66 miles from the 
start of the Motorway in London- this is off the Motorway, at Cherwell Valley. 
There is one MSA in Warwickshire (Warwick Services) which opened in 1994, 
some 23 miles from Cherwell Valley Services, 90 miles northbound from the start 
of the M40. The Service Area includes HGV parking and overnight 
accommodation. Northbound there is a long descent to the Services; southbound, 
there is an uphill gradient away from the Service Area. The motorway continues 
for 16.5 miles to the junction with the M42. 
2. The illuminated section of the M5 in Worcestershire (Junctions 5-8). This 18.7 
miles of motorway is policed by West Mercia Constabulary. It stretches from 
junction 5 at Wychbold, approximately 2 miles north east of Droitwich, to junction 
8, just south of Strensharn Services, where the M50 joins the M5. Southwards from 
junction 5, the motorway is straight for a short distance and then bends around the 
eastern outskirts of Droitwich. It continues through rural land for approximately 
2.8 miles, skirts to the east of Worcester, and then continues straight, on a due south 
east gentle curve, through rural land for approximately 8.4 miles to junction 8. This 
section of the M5 is lit throughout the entire stretch. At the time of data collection, 
there were high pressure sodium cut off lanterns (white light) between junctions 6 
and 8. Between junctions 5 and 6 the lighting was low pressure SOX lighting 
(orange light). Northbound and southbound Services are at Strensharn, just north of 
junction 8, the southerly point of this road audit. These facilities are open 24 hrs, 
have accommodation available, and HGV overnight parking. Northbound, the next 
Motorway Service Area is at Frankley, Birmingham, just south of junction 3, 
approximately 30 miles from Strensharn Services. Southbound, the next MSA is 
just north of junction 14 (Michaelwood), approximately 40 miles south of 
Strensham and 9 miles north of the M4 junction, Bristol. 
3. A section of the M5 in Gloucestershire (Junctions 8-14). This 34.7 miles of 
motorway is primarily unlit and policed by Gloucestershire Constabulary. From 
junction 8, just south of Strensham Services (where the M50 joins the M5), the 
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motorway runs south-easterly and then curves southwards at Bredon towards 
junction 9, Tewkesbury. It continues through rural land and then curves in a south-
westerly direction just after Stoke Orchard, passing Cheltenham to the east of the 
motorway Gunctions 10 and 11) and Gloucester to the west Gunctions 11, 11 A and 
12). The motorway then continues straight, in a south-westerly direction, curving 
just before junction 13 (Stroud) and curving again just north of Dursley, bypassing 
Dursley (east of the motorway), continuing through rural land, curving round to 
Michael Wood Services, southwards to junction 14 (Falfield), approximately 1.6 
miles south of Michael Wood Services and approximately 12 miles north of 
junction 20 (M4, Bristol). There are two MSAs on this section of road, for 
northbound and southbound traffic. To the south is Michael Wood MSA, 
approximately 12 miles north of junction 20 (M4, Bristol). The forecourts and 
some facilities are open 24 hours. There is HGV overnight parking. 
Accommodation is provided on the northbound site only. Further north, the next 
MSA is at Strensham (24 hour facilities, with accommodation and HGV parking), 
just north of junction 8, 33.5 miles (northbound Services) and 32.5 miles 
(southbound Services) from Michael Wood. Further south, the next MSA is at 
Gordano, Bristol (24 hour facilities, accommodation and HGV parking), 17.4 miles 
from Michael Wood. 
4. The Kent section of the M25 (J2 - Clacket Lane MSA). This is an urban 
motorway with high traffic flow, unlit except for lighting at junction 5, the M26 
link. The M25 is the main strategic orbital route around Greater London, 
connecting with all major trunk roads and motorways which radiate from London. 
The M25 forms a hub of the national tmnk road network; local, long distance and 
international traffic use this motorway as a London bypass. The length of road 
considered for the data collection was a distance of 21.4 miles (34.4 km). It is a 
three lane motorway, except for a two lane section of about 1-1 'h miles: clockwise 
at junction 5 the motorway is two lane, where the A21 splits off until the other side 
of junction 5, and, anticlockwise, where the M26 joins, the motorway is 4 lanes (ie 
2 lanes each M26 to M25) then 3 lanes. There is a concrete V -drain on a short 
section of the motorway and a ditch on two short sections. The central reservation 
is non-standard width at junction 5 where the links separate. The surface of the 
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road is the standard hot rolled asphalt but there is 'surface dressing' or 'thin 
wearing course system' in parts, the latter particularly from Junction 5 to Clacket 
Lane Services. The M25 is relatively straight and flat, running in and out of cuttings 
and embankments. There are noticeable curves and gradients just before, at and 
after junction 5, and, anticlockwise just before and at junction 4. Clockwise, the 
gradient is uphill just before junction 3 slip-off, and just after junction 4 slip-off. 
The gradient is downhill just before, and at junction 4 slip on, and after/before 
junction 5. An MSA, Clacket Lane Services, is at the beginning/end of the audit. 
24h facilities are available. Accommodation is on the west side only (clockwise), 
but there is access from the east side. HGV overnight parking is available on both 
sides. The only other services on the M25 are at J23 (AI) and between J30 and 31 
(Thurrock). 
5. The M20 in Kent, a motorway to channel ports (JS- JJJA). The M20 is one of 
the main arterial motorway routes between London and the channel ports of Dover, 
Folkestone, and Ramsgate and also the Channel Tunnel. The section of road 
considered for the data collection is 31.7 miles (51 km). The M20 is primarily 
unlit, but there is lighting from junction 5 to just west of junction 7 and between 
junction 11 and 11 A. Between junctions 5 and 6, the M20 is 3 lanes with two lane 
collector/distributor roads along each side. Between junctions 6 and 7 the 
motorway is four lane and between junction 7 and 8 it is three lane. There is 
significant hatching of hardened central reserves where these have been widened 
for visibility on curves. The central reservation is of standard width throughout but 
there is some minor localised visibility widening on some curves. This motorway 
runs along relatively flat land close to the foot of the North Downs. This section of 
the M20 undulates slightly, but there are no gradients steeper than the normal 3% 
maximum. The motorway snakes slightly through the length between junctions 5 
and 7, but is almost straight for much of the length between junction 7 and 8. The 
road 'kinks' more sharply just before/after junction 9. Between junctions 9 and 10 
the M20 is on the edge of the urban area of Ashford; the road links the towns of 
Ashford to the SE with Maidstone to the NW. This section of the motorway runs in 
and out of cuttings/embankments. Some considerable tree planting has taken place 
along the side of the motorway. Southbound, there is a length of timber noise 
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dampening fence between junctions 6 and 7. Northbound, between junctions 7 and 
8, there is considerable earth bunding as a result of the construction of the Channel 
Tunnel Rail Link. Some lengths of high noise dampening fencing have been 
erected to both sides of the M20 between junctions 10 and 11. There is a standard 
grass verge along this whole section of motorway, although there is a hard strip and 
noise barrier immediately behind the Londonbound hardshou1der between junctions 
10 and 11 for a distance of 2km, because of the Channel Tunnel Rail Link work. 
The road surface from Junction 5-8 is black top, and concrete from junctions 8 to 9. 
Between junctions 9 and I 0 the original concrete surface has been overlaid with 
thin blacktop as a noise reducing measure. Between junctions 10 and 11 A the 
surface is concrete, although much of this is to be overlaid with thin blacktop. 
Services are at junction 8 (Maidstone), situated on a roundabout just off the 
motorway. There are 24h facilities at the MSA with HGV overnight parking. 
6. The Ml in Northamptonshire (JU/15- Jl9) being a lit section of a major rural 
motorway with high traffic flow. The M1 is the main north/south route through the 
country. The section of road considered for the data collection was just south of 
junction I 5 (Northants county boundary to junction 19 (Leicestershire county 
boundary), giving a distance of 24.4 miles, or 39.3km. This section of road is 
primarily a three lane motorway, with two lanes only between the exit and entry 
slips at junction 19. The entire section of the M! in Northants is lit; the majority of 
the lighting is in the central reserve. At junctions and at multi purpose crossovers 
the lighting columns are situated in the verge. The type of lighting is all SON. On 
the northbound carriageway, the surface material is mainly hot rolled asphalt, but 
there is surface dressing from Whilton to junction 18. The southbound road surface 
is mainly a thin wearing course of various types, but from Whilton to junction 15 
the surface is hot rolled asphalt. There is a cast in-situ concrete drainage channel in 
the central reserve from MP94 to junction 18 MP126/3. There are a number of 
inclines and declines along the motorway, the incline immediately north ofWatford 
Gap Services is problematic in that it has a history of accidents. Concerning 
curvature of the road, the only major bend is in the vicinity of Whilton. There are 
some "Check your distance" chevrons between junctions 16 and 17. There are two 
MSAs located on this section of the M I. Rothersthorpe Services are situated at 
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junction 15A, and Watford Gap Services are just south of junction 17. Both MSAs 
have cafes and restaurants, overnight parking for goods vehicles, offer 24h 
facilities, and have overnight acconunodation. The next MSAs are: northwards, 
Leicester Forest East at junction 21, and southwards, Newport Pagnell, north of 
junction 14. 
7. The M6 in Staffordshire (Jll - Jl6). The M6 is the main north/south route 
through Birmingham. It is an unlit rural motorway with high traffic flow. The 
section considered for the data collection was between junction 11, Shareshill 
(Cannock), north of the Hilton Park Services and the M54, and junction 16, 
Barthomley (Stoke-on-Trent), giving a distance of 54.5km (34 miles). It is a three 
lane motorway, primarily unlit. The surface material is mainly hot rolled asphalt 
and chippings but in parts there is a concrete or 'quieter surfacing'. There is no 
concrete drainage channel. The road undulates and snakes gently in a northwest 
direction. Between junctions 13 and 14 the road firmly bends to the western side of 
Stafford, continues to snake and undulate gently. There is a steepish bank south of 
junction 15. The road sweeps round to the west ofNewcastle-under-Lyme/Stoke-
on-Trent. From I mile north of junction 15 there is a 4% grade up to Keele 
Services and for approximately I mile north of Keele 5-6% down. There are two 
MS As on this section of the M6. Stafford Services are situated between junctions 
14 and 15, and Keele Services are between junctions 15 and 16. Both MSAs have 
cafes and restaurants, overnight parking for goods vehicles, and offer 24h facilities. 
Stafford MSA has overnight acconunodation whereas Keele MSA does not. The 
next MSAs are: northwards, Sandbach (J16-17) and, southwards, Hilton Park 
(J!Oa-11). 
8. A section of the Al(M) in North Yorkshire. This section of road is a primarily 
unlit 'A' motorway. The data collected for the Al(M) covers two sections of road. 
The first (northbound) is from Walshford to Dishforth (12.8 miles of three lanes, 
except for a short section of two lane motorway leading into the A I (T) dual 
carriageway); this motorway section opened in 1995. The second section is from 
Barton to the North Yorkshire boundary at the River Tees bridge (4.3 miles of 2 
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lane motorway). Thus, 17.1 miles of the 43.7 miles of the AI in North Yorkshire is 
motorway. Northbound, the main carriageway is fairly level, with inclines 
(primarily to Arkendale, 2.6 miles north, and also at Kirby Hill), and declines 
(primarily prior to Boroughbridge, I 0.1 miles north of the boundary of the audit); 
the motorway bends to the left at Allerton, and to the left and right, before and after 
Boroughbridge. At the time of data collection, there was no Motorway Service 
Area between Walshford and Dishforth (12.8 miles), although planning permission 
for an MSA had been sought. On the Barton to Darlington section of the motorway 
(4.3 miles) there is a Lorry Park and a Filling Station at Barton (open 24 hours), 
24.1 miles north of Dishforth. There is also a cafe on this site (not 24 hours). The 
next Services on the A1(M) Northbound are outside the Road Audit area; there is a 
restaurant and Filling Station 6 miles from the North Yorkshire boundary at 
junction 59 at Newton Aycliffe; the next Motorway Service Area (24 hours) is 17 
miles from the North Yorkshire border (A177 Bowburn Junction). 
OTHER ROADS 
I. The Al(T) dual carriageway in Lincolnshire comprises 21.5 miles of road from 
the Lincolnshire/Nottinghamshire boundary in the North, to the 
Lincolnshire/Leicestershire boundary in the South. There are roundabouts 7.2 
miles south of the Lincs/Notts border (Gonerby Moor roundabout) and at 18.5 miles 
south (Co1sterworth roundabout). This section of road is unlit except at: Gonerby 
Moor roundabout, the Great Ponton area, and the Colsterworth roundabout to the 
junction with the B6403. The road surface is hot rolled asphalt, apart from a 2-mile 
section of concrete, 1.5 miles south of the county boundary with Nottinghamshire 
where there are warning signs ("surface noise for 2 miles") on both the northbound 
and southbound carriageways. The width of each carriageway is 7.5 metres on 
average. There is a grassed central reservation which varies in width, with an 
Armco crash barrier (except where there is access for crossing the carriageway). 
The main carriageway is bordered on each side by a solid white reflective rumble 
strip with reflective cats eyes. There is a central white intermittent line with 
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reflective cats eyes; these alternate between two standards to differentiate hazards. 
The hard shoulder is intermittent and infrequent From the North, southbound on 
the approach to Long Bennington bypass, the Al(T) is relatively straight and level 
for the first 2.5 miles. The road bends to the west of Long Bennington and is on an 
incline. The road declines beyond the bypass and rises again towards the 
crossroads at Foston village, located on a sweeping bend. Beyond the crossroads 
the road levels off and is relatively straight on the approach to Gonerby Moor 
roundabout. This section of the Al(T) is along the line of the Great North Road. 
South of Gonerby Moor roundabout the road rises steadily, and sweeping bends 
form the Grantham Bypass. The road undulates and bends south of Grantham, 
towards Colsterworth roundabout. South of Colsterworth roundabout to the county 
boundary (3 miles), the road is straight, (with gradual inclines and declines), being 
set on the line of the old Roman road Ermine Street. There are a number of 
crossroads and farm access roads that cross the central reservation. On the whole, 
main junctions are marked and have separate deceleration lanes within the central 
reservation or nearside verge. Farm access roads are umnarked and form gaps in 
the crash barrier. There are footpaths at Great Ponton (with a footbridge across the 
Al(T)) and north of Long Bennington (southbound). Apart from cars, caravans, 
and goods vehicles, there are slow moving agricultural vehicles, abnormal loads, 
coaches and pedal cycles. The A I (T) is also a bus route. National speed limits 
apply. There are safety cameras on the southbound carriageway just north of Great 
Ponton, at Colsterworth crossroads and, on the northbound carriageway, just south 
of Great Ponton and Colsterworth roundabout. 
Laybys: There are 29 laybys on the southbound carriageway and 31 on the 
northbound carriageway. They occur at intervals of about half a mile. The majority 
are unprotected, although a few follow the aligument of the old road and are 
protected by verge, trees, shrubs etc. Some laybys have non-permanent tea/coffee 
vans. The laybys are signed in advance, with blue/orange directional signs. Most 
have SOS phones. Regularly spaced marker posts on the nearside verge give 
directions to the nearest emergency phone. 
Services: Services on the southbound carriageway are as follows: 6.0 miles -
Petrol Filling Station: facilities include 24 hour petrol, toilets, shop selling snacks 
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etc. There are no advance direction signs to this filling station; 7.3 miles - Gonerby 
Moor Services, located adjacent to Gonerby Moor roundabout and accessible for 
northbound and southbound traffic. Facilities include 24 hour petrol, toilets, 
accommodation and restaurant. There is a shop, but this is not open 24 hours. 
There is overnight parking, which is pay and display when one is parked for more 
than two hours. There are advance direction signs to this service area; 14.5 miles -
McDonalds Restaurant: opening hours are from 7.30 am to 10.00 pm. There are no 
advance direction signs to this restaurant; 18.5 miles - Colsterworth Services, 
located adjacent to Colsterworth roundabout and accessible for northbound and 
southbound traffic. Facilities include 24 hour petrol, toilets and accommodation. 
There is a Little Chef which is open from 7.00 am to 10.00 pm and a Burger King, 
open from 10.00 am to 10.00 pm. There is a shop, but this is not open for 24 hours. 
There are advance direction signs to this Service Area; 21.1 miles - Public House: 
open for usual opening hours with food and accommodation. There is also a 
separate Little Chef, open from 7.00 am until 10.00 pm. There are no advance 
direction signs to this restaurant. 
Services on the northbound carriageway are as follows: 0.1 miles- Little Chef and 
Travelodge. The Little Chef is open from 7.00 am until 10.00 pm. There are 
advance direction signs to this Service Area. Note that there is also access through 
the central reservation to the Public House on the southbound carriageway; 2.5 
miles- Colsterworth Services (see above); 5.7 miles- McDonalds restaurant and 
petrol filling station. The latter is open 24 hours. McDonalds is open from 7.30 am 
until 10.00 pm. There are advance direction signs to this Service Area; 7.3 miles-
Petrol filling station with shop selling snacks etc. These facilities are not 24 hours. 
There are advance direction signs to this Service Area; 14.0 miles- Gonerby Moor 
Service Area (see above); 15.5 miles- Access to the petrol filling station on the 
southbound carriageway (see above); 16.7 miles- Little Chef, open from 7.00 am 
until 10.00 pm, and petrol filling station, open from 6.30 am until 10.00 pm. There 
are advance direction signs to this Service Area. In addition, there are cafe 
facilities available from caravans in some laybys. At the junction with the A607, 
there are brown and white tourist direction signs to facilities at Grantham, and at 
South Witham there are signs to a public house which is open from 12 noon until 
11.30 pm. 
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2. An unlit section of the Al(T) dual carriageway in North Yorkshire. The Al(T), 
with the AI(M), comprises the major route north/south, east of the Pennines. The 
first 2.5 miles of the northward section of the AI stretches from Wetherby to 
Walshford. A further 24.1 miles of the AI are dual carriageway, that is, from 
Dishforth to Barton. Thus, 26.6 miles of this 43.7 miles of AI is trunk dual 
carriageway. The first 2.5 miles of the northbound AI(T), from Wetherby to 
Walshford, is primarily level; there is a decline 0.9I miles from the North 
Yorkshire boundary. There are sweeping bends both to the right and left. The road 
continues as motorway, AI(M), for I2.8 miles, from Walshford to Dishforth, and 
then reverts to a dual carriageway for 24.1 miles to Barton. From Rainton to 
Catterick, the A I (T) is primarily straight, being set on the line of the old Roman 
road of Dere Street; the road deviates around Londonderry, Leeming and Catterick. 
The road surface is black bitumen macadam throughout. The carriageway is 24 feet 
wide, bordered by white reflective rumble strips on either side, with red/yellow 
reflective cats-eyes, and the standard (8-10 feet wide) hard shoulder. However, on 
the northbound carriageway there is no hard shoulder for 5.5 miles, or on the 
southbound carriageway for 4.5 miles. Some parts now include a hard shoulder 
with a red coloured bitumen macadam. There is a central Armco crash barrier, 
except where there is access for crossing the central reserve. The central 
reservation varies in width. There are a number of crossroads and farm access 
roads that cross the central reservation. Generally, the main junctions are marked 
and have separate deceleration lanes within the central reserve. The farm access 
roads are unmarked and form gaps in the crash barrier, wide enough for a vehicle to 
stand. The dual carriageway carries varied traffic, including slow moving 
agricultural vehicles, abnormal loads, coaches cars and caravans. 
Laybys are as follows: between Wetherby and Walshford (2.5 miles), there are four 
laybys on the northbound carriageway. Three are unprotected and one is protected 
(abnormal load layby). They are spaced at intervals of about 0.5 miles. On the 
southbound carriageway, there is one unprotected layby, I.4 miles north of the 
boundary of the audit. Two years' data were collected from I January I997. 
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Services: There is a hotel at Walshford, 2.3 miles north of the boundary on the 
Northbound carriageway (no 24 hour restaurant). On the Southbound carriageway 
there is a Filling Station (not 24 hours) at Kirk Deighton, 0.5 miles north of the 
southerly point of the Road Audit. The next Services south ofWetherby on the AI 
are at Milford Lodge, I2.5 miles south of the boundary (includes motel, filling 
station and cafe). Note that the first 24 hour Services south of the boundary at 
Wetherby are situated where the M62 meets with the Al at Ferrybridge (approx. 20 
miles south of the boundary). 
Northbound from Dishforth, there are 24 hour filling stations with food and drink 
available at Rainton (Northbound), 0.8 miles from Dishforth, and at Sinderby 
(Southbound), 5.1 miles from Dishforth. There are restaurants Northbound and 
Southbound at Rainton and, Southbound, only at Sinderby. These restaurants are 
not open 24 hours. There is overnight parking. There are filling stations at 
Burneston, (Southbound only), 8.0 miles north of Dishforth, and I 0 miles north of 
Dishforth (not 24 hours, but overnight parking available). Further services are at 
Leeming, Il.6 miles north of Dishforth. The filling station is open 24 hours, and a 
cafe at this site is open each day and for 24 hours on Friday and Sunday nights. 
Overnight parking is available. A restaurant is situated at Skeeby (Northbound 
only), 21.7 miles north ofDishforth (not 24 hours), with overnight accommodation. 
There is a 24h Filling Station 22 miles north of Dishforth (just south of the Scotch 
Corner junction). 22.7 miles north of Dishforth (at the A66 Junction at Scotch 
Corner), there are a variety of Services including a Filling Station which is open 24 
hours, various restaurants (not 24 hours), and a coffee shop which is open 24 hours. 
Overnight accommodation is available at Scotch Corner. 
3. The A19(T)IA168(T) dual carriageway North Yorkshire is used as an alternative 
north/south route to the AI and forms part of the main route north from Leeds to 
Middlesbrough. It is rural throughout and is mainly bordered by agricultural land. 
Data was collected on the section of road from the AI68(T)/AI(M) junction 49 at 
Dishforth, to the North Yorkshire boundary at Crathorne, a distance of 24 miles. 
The road is unlit except for 0.5 miles in the immediate vicinity of the "Black Swan" 
crossroads, three miles south of Crathorne. This stretch of road is covered by 
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yellow sodium type lighting to illuminate a crossroads. The road surface is black 
bitumen macadam throughout its length, except for 4.4 Miles (Thirsk bypass) which 
is constructed of concrete sections. The main carriageways are 24 feet wide. A 
grass central reservation of varying widths, and a central Armco crash barrier 
separate the Northbound and Southbound carriageways There are a number of 
crossroads and farm access roads that breach the central reservation. The main 
junctions are marked and have separate deceleration lanes within the central 
reserve. The farm access roads are unmarked and form "gaps" in the crash barrier, 
wide enough for a vehicle to stand. There is no hard shoulder, but there is a three 
foot wide hard standing between the nearside white line marking and the grass 
verge or kerb edge. In certain places, there is Armco barrier on the nearside of the 
carriageway. The main carriageway is bordered by white reflective rumble strip on 
the nearside and offside, with red/yellow reflective cats-eyes. The Al9(T)/ Al68(T) 
is primarily a level carriageway. Northbound, there is an incline section from 
Knayton to Borrowby. At the junction with the A684 the road declines to the Al72 
junction (2 miles). There is a mixed volume of traffic, ranging from cars and goods 
vehicles, to slow moving agricultural vehicles and pedal cycles. The speed limits 
for vehicles on the road are as legally required for dual carriageways, that is, 70 
mph for cars and 50 mph for goods vehicles over 7.5 tonnes maximum laden 
weight. 
Laybys: There are twelve unprotected laybys and one protected layby (south of the 
A684 junction) on the Northbound carriageway. On average, these are situated at 
intervals of 1.7 miles. The longest distance between laybys is 4.3 miles from 
Thirsk bypass to Woodside Cafe. On the Southbound carriageway there are twelve 
unprotected laybys and two protected laybys (both south of the A684 junction). 
The average distance between these laybys is 1.6 miles. The longest distance is 
between Woodside Cafe and Thirsk bypass (4.3 miles). There are two static 
caravans and one mobile caravan selling food throughout the day. Two are situated 
on the Southbound carriageway, and one on the Northbound carriageway. There 
are no road-side facilities for overnight accommodation. 
Services: There are no 24 hour facilities available .on this section of the 
Northbound carriageway. Services are available after 3.9 miles, at a filling station 
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at Topcliffe (not 24 hours). After 10.8 miles Northbound, there is a cafe at 
Knayton; this is unavailable 24 hours but there is overnight parking for goods 
vehicles. After 19 miles there are Services at lngleby Arncliffe. The Filling Station, 
restaurant and cafe do not offer 24 hour services; there is overnight parking for 
goods vehicles. The next services Northbound are located on the A19/A680 
junction at Wynyard, 12.2 miles north of the North Yorkshire boundary at 
Crathome. Southbound, from Crathome, there are Services after 4.1 miles at 
Ingleby Arncliffe. The Filling Station is open 24 hours; there is a restaurant and 
cafe but these are not open 24 hours. Overnight parking for goods vehicles is 
available. There is a cafe after 13.5 miles at Knayton (not 24 hours). Overnight 
parking for goods vehicles is available. After 20.4 miles, there is a Filling Station 
at Thirsk (open 24 hours for fuel), and a restaurant (not 24 hours). 
4. The lit section of the A38 dual carriageway, Staffs, approximately 7.5 miles. The 
A38 runs from the South West to the North Midlands at Mansfield. This section of 
road runs just north of Lichfield at Billiard's Cross up to the junction with the 
A5121 (Branston) at Burton upon Trent. The road is subject to the national speed 
limit, which for cars and light goods vehicles is 70 mph, and for goods vehicles 
exceeding 7.5 tonnes, 60 m ph. It is a dual carriageway and the surface material is 
hot rolled asphalt & chippings. The carriageways consist of two lanes. Each lane is 
3.65m wide. Carriageways are kerbed with grass verges. There is a central 
reservation which is approximately 2.5 to 3.5m wide. Road studs on the centre line 
are mainly the adhesive type. Safety fencing is mainly double sided tensioned 
corrugated beam in the centre reserve, with open box beam at structures or other 
obstructions. Verge fencing is intermittent (for obstructions and deep 
embankments) as standard requirements. The road undulates and snakes gently, 
along the flood plain. At Barton Turn there is a chevron marked bend, after which 
there is a slight climb out of the flood plain. At Branston there is a chevron marked 
bend. 
Laybys: There are three unprotected laybys northbound and seven southbound 
(some are shared with bus stops). 
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Services: northbound, there is a petrol station between the Fradley Park turn off 
and the A513. There is a Little Chef after the B5016 turn off. There is a mobile 
cafe at one of the laybys. Southbound there is a Little Chef just after the B50 16 
turn off and another, with a petrol station, between the Fradley Park turn off and 
Hilliard' s Cross. Petrol is available at an additional site between the A513 
Tamworth turn off and the Fradley Park turn off. There is a hotel at the turn off to 
Fradley Park. 
5. A section of the A417(T) varying single and dual carriageway in Gloucestershire 
(Junction llA, M5 -A419(T)). The A417(T) is an unlit major trunk road through 
Gloucestershire, linking Gloucester and Cheltenham to the north, to Cirencester and 
the M4 to the south. It is designated as a primary lorry route, used by the largest 
forms of goods vehicles, and is also signed as a holiday route. It is used as a link 
between the MS and M4 motorways. The section of road considered here is 
approximately 17 miles long. South-eastwards towards Cirencester and the M4, 
shortly after junction !lA (MS) there is a large interchange with the A46. Beyond, 
there is a steep climb to the 'Air Balloon' roundabout governing the A436 and the 
A417(T), the latter changing direction sharply south. After the junction with the 
B4070 towards Birdlip Village, the A417(T) is level to the junction to Stockwell. 
The road declines dramatically and bears to the left into Nettleton Bottom. There is 
a sharp drop into the bottom of the valley, followed by a steep climb up onto the 
plateau of the Cotswolds. The ensuing road declines towards Cirencester and the 
river valley, and then inclines away from the river towards the junction with the 
A429 (Stow), on to the junction with the A419(T). In parts, there is a central 
reservation comprised of a large grass verge with trees, or a grassed central 
reservation with wire rope safety fence. There is a one metre wide hard strip along 
the edge of the carriageway, with a crash barrier in places. There is a concrete 
channel with gullies and, in parts, a gravel ditch. 
Laybys are as follows: southbound, from the Shurdington Road Interchange (A46), 
laybys are situated at 1.8 miles (30m long, unprotected), 6.9 miles at Markerpost 
40/0-39/9 (70m long, protected), 9.2 miles at Markerpost 37/2 (bus only), 10.6 
miles at Markerpost 35 (40m long, protected), 14 miles at Markerpost 29/7 (50m 
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long, protected) and 16.6 miles at Markerpost 25/7 ( 40m long, protected). 
Northbound, from the A419(T), there are laybys at Markerpost 25/8 (50m long, 
protected), and a further layby at Markerpost 29/5 (70m long, protected). There is a 
layby approximately 6 miles on at Markerpost 35/2 (60m long, protected), and 
another, totally segregated from the carriageway, approximately 9 miles on, at 
Markerposts 40/3-41/2 (3/4 mile long, protected with mobile food stand and 
toilets). Approximately 11 miles on there is an additional layby (30m long, 
unprotected) at Markerpost 43/7. At Markerpost 45/1 there are signs for a layby 
with 'Scenic Views', Y.. mile off the A417(T). On the main carriageway, additional 
laybys are approximately 13 miles north, at Markerpost 46/2 (50m long, 
unprotected), and almost a mile on (15m long, unprotected). 
Services are as follows: southbound, from JllA there is a public house (not 24 
hour) at the 'Air Balloon' roundabout. There are no 24 hour accommodation 
facilities. There is a service area 8.5 miles from the Shurdington Road Interchange 
(A46). There is a Little Chef, open from 07.00 h until22:00 h, with a small garage 
and petrol. There are no 24 hour facilities here. Northbound, from the southerly 
point of this survey (the A419(T)), there are signs for the Little Chef, a petrol 
station and small garage, with access under the A417(T) to the southbound 
carriageway. There is an inn (Markerpost 39/5) offering food only from 11 00h-
1400h and from 0600h-22:00h closing at 2300h. There are public houses, open 
between 11 OOh and 2300h (no accommodation), including 'Air Balloon'. 
6. The A(I5)T, single carriageway, in Lincolnshire, is a rural trunk route comprising 
14.7 miles. This road runs north/south through Lincolnshire, from the M180 in the 
north to the A46(T) ring-road around the city of Lincoln. The Al5(T) is primarily 
unlit. There are sections of lighting from the Lincoln bypass to just north of RAF 
Scampton, and at Caenby Corner roundabout. RTCs at the roundabout with the 
A46(T) ring-road have been excluded from the data collection to match with other 
roads. Data collected from RTCs at a roundabout within this section of road, at 
Caenby Corner, 10 miles north of Lincoln, was included in the analysis. The 
average width of the carriageway is 7 metres. Each carriageway is edged with a 
solid white reflective line. South of Caenby Corner roundabout there is mostly a 
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metre strip between this edge line and the edge of the carriageway; there is no metre 
strip north of Caenby Corner. Generally, there is a central single white intermittent 
line that alternates between two standards to differentiate hazards. There are also 
lengths of double white lines along the route. Reflective cats eyes are within the 
white centre lines. South of Caenby Corner roundabout the road surface of the 
AIS(T) is mainly hot rolled asphalt. North of Caenby Corner, the road has thin 
surfacing (a relatively new type of surfacing that is noticeably quieter when driven 
on). The AIS(T) is straight, along the line of the old Roman road, Ermine Street, 
except for a sweeping bend where the road bypasses the runway area of RAF 
Scampton. On this bend there are cross roads with a right turn facility (to 
Hackthorn and Brattleby village). There are slight inclines and declines. There are 
a number of junctions and farm accesses along the A IS(T). Generally, the 
junctions are marked with standard "give way" markings and have either/or/and 
advance warning signs, advance direction signs and local flag signs (located 
directly opposite or in the mouth of junctions). A number of the junctions south of 
Caenby Corner roundabout have right turn facilities. Traffic also includes slow 
moving agricultural vehicles, coaches, pedal cycles etc. The A IS{T) is also a bus 
route. There is a 50 mph speed limit from Lincoln bypass to north of RAF 
Scampton, after which the route is very rural, with no lighting, no footpath, and is 
derestricted. There are roadside footpaths northwards from Lincoln bypass to RAF 
Scampton, and at Caenby Corner. There are parking restrictions for RAF Cranwell, 
extending north to Hackthorn crossroads; 'low flying aircraft' warning signs are 
present. There are safety cameras on the northbound carriageway at the 
showground north of Lincoln within the 50 mph speed limit, and on the southbound 
carriageway at Snitterby. 
Laybys: Two laybys are on the southbound carriageway, at Hackthorn crossroads, 
4.7 miles from the Lincoln bypass, and at Snitterby, 11.5 miles north of Lincoln 
bypass. On the northbound carriageway, there is one lay by at Spridlington, 6.2 
miles from Lincoln bypass. Alllaybys on this section of the AIS are unprotected. 
Services: There is a Service Area at Caenby Corner roundabout. Facilities include 
a Little Chef, Truck Stop cafe, and 24hr petrol. There are no advance direction 
signs to this Service Area. 
148 
7. The A19(T) single carriageway North Yorkshire is an alternative north/south route 
to the Al. This section of road is 19.3 miles, rural and mainly unlit. Exceptions are 
at Thormanby village, which has a system of lighting designed to illuminate the 
footpaths only, Shipton village which has a standard system of street lighting for 
0.6 miles, from Skelton village to the A1237(T) roundabout standard street lighting 
extends for 1.2 miles, and the area around the northern roundabout on the 
Easingwold bypass is lit. The first 0.27 miles is dual carriageway road, built to 
protect a right turn when travelling south. Two roundabouts are located at either 
end of this section of road and crashes that occurred at these two roundabouts were 
excluded from the analysis. Speed limits are 60 mph for cars (40 mph for goods 
vehicles over 7.5 tonnes), 40 mph through the village ofThormanby (for 0.3 miles), 
and 30 mph through Shipton (0.6 miles). The majority of the A19(T) single 
carriageway is flat. The bends tend to be mainly sweeping curves. There are 
numerous junctions and private access roads. The main carriageway is 24 feet wide 
and is divided into two lanes by centre white line markings. The road carries a 
mixed volume of traffic ranging from cars and goods vehicles, to agricultural 
vehicles and pedal cyclists. 
Laybys: There are six laybys on the Northbound carriageway, and five laybys on 
the Southbound carriageway. The laybys are situated at intervals of 2 miles (on 
average); the longest distance between laybys is from the Northbound layby on the 
Easingwold bypass for 4.7 miles towards York. Ten of the eleven laybys are 
protected (the laybys are mainly parts of the old road). 
Services: There is a hotel with a restaurant open to non residents (not 24 hours) at 
Skelton, 0.54 miles north of the A1237(T) York Outer Ring Road. Facilities for 
fuel and food are provided by a Filling Station plus restaurant at Shipton, 3.7 miles 
north of the Al237(T), and there is a Filling Station where the A19(T) single 
carriageway joins the A19(T) dual carriageway at Thirsk. There are no 24 hour 
Services along this stretch of road. There are no facilities for overnight parking of 
goods vehicles. 
149 
8. The A52 single carriageway in Lincolnshire, a rural route comprising 20 miles, 
and running northeast/southwest along the eastern side of Lincolnshire from Boston 
to Skegness on the coast. It forms the coast route for visitors to the area from the 
south. The A52 is lit at specific areas along the route. These are: Boston, Freiston, 
Butterwick, Benington, Leverton, Old Leake, Wrangle, Wainfleet St Mary and 
Skegness. There are no major junctions along the A52. There are numerous minor 
junctions and farm accesses. Junctions are generally marked with standard give 
way markings, and are signed out of the villages with junction warning signs and 
local flag signs. Some busier junctions also have an advance direction sign. There 
are short lengths of road that generally have 40 mph speed limits, with street 
lighting and footpaths. Most of the road surface is surface dressed (road surface 
sprayed with tar and covered with chlppings to increase skid resistance). There are 
occasional lengths of hot rolled asphalt and thin surfacing (quieter surface). The 
average road width is 6.5m. Generally, the carriageway has a central single white 
intermittent litie that alternates between two standards to differentiate hazards. 
There are occasional lengths of double white lines. There are reflective cats eyes 
within the white centre lines, except for street lit sections. The A52 is relatively flat 
as it lies in the 'fens' area of Lincolnshire. The area to the east is mainly mud flats. 
There are infrequent straight lengths of road as the road mostly winds through 
minor coastal villages. Skegness is the only seaside resort. This section of the A52 
carries varied traffic, including caravans, slow moving agricultural vehicles, 
coaches, pedal cycles etc. The A52 is also a bus route. There is a safety camera on 
the northbound carriageway at Freiston, and one on the southbound carriageway at 
Wrangle. 
Lay-bys: There are laybys northbound at Boston, Leverton, and Friskney, and J 
southbound at Wrangle, Wainfleet, and at Croft. All these lay-bys are accessible 
from both directions. 
Services: There are numerous facilities along this section of the A52, although, 
none of them are open for 24 hours. Services include: Boston - Two public 
houses, one with a restaurant, the other selling food. There is a cafe at a garden 
centre; Freiston - Inn, providing food and accommodation; Benington - Public 
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house, and village stores; Leverton - Public house, picnic site with toilets and shop 
(signed in advance), village stores, and garage selling petrol; Wrangle - Public 
house selling food, tea room, village stores, garage selling petrol; Friskney - Public 
house; Croft - Petrol filling station, and numerous static/touring caravan sites. 
Facilities at Wainfleet are signed from the A52, with brown and white facility signs. 
9. The B6403, a minor single carriageway road running north/south through the 
southwest quadrant of Lincolnshire, between the A17(T) (Byard's Leap) in the 
north and the AI (T) (Colsterworth) in the south, to the east of Grantham. This rural 
route comprises 15.9 miles and is unlit except at the junction with the Al(T), the 
roundabout at the AS2, the right turn facility into RAF Barkston, Ancaster village 
and the junction with the Al7(T). There is infrequent roadside development along 
this road. Apart from Ancaster, any development consists of farm buildings and 
small hamlets. Ancaster village is subject to a 30 mph speed limit. Otherwise, the 
route is derestricted. Northwards, there is a roundabout 5.9 miles on the 
B6403/ A52 to Grantham, and indicated crossroads 12 miles north, at the junction 
with the A153. There are a number of junctions, farm accesses, public 
footpaths/bridleways along this rural route. Generally, the junctions are marked 
with standard give way markings and have either/or/and advance warning signs, 
advance direction signs and local flag signs. Most of the road is surface dressed. 
There are occasional sections of hot rolled asphalt and thin surfacing. The average 
road width is 6.Sm. On the whole, the carriageway has a central single white 
intermittent line that alternates between two standards to differentiate hazards. 
There are also sections of road with double white lines. There are reflective cats 
eyes within the white lines, except on the section of road through Ancaster village 
where there is str_eet lighting. The B6403 runs along the line of the old Rmnanroad 
Ermine Street, and is known as 'High Dyke'. Northbound, the first 5.9 miles to the 
roundabout controlled junction with the AS2 is undulating and bends frequently. At 
2. 7 miles there is a decline towards the railway bridge. The road bends sharply to 
the right before the bridge and then sharply to the left beyond the bridge. The road 
continues, straight, but undulates with the contours of the land; thus there are dips 
in the road. There are traffic signals at Ancaster village, 6.1 miles from the 
A52/B6403 roundabout. The final stretch northbound from Ancaster is straight (3.9 
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miles). The 86403 carries varied traffic, including cars and caravans, slow moving 
agricultural vehicles, coaches, pedal cycles etc. The 86403 is also a bus route. 
Southwards from the junction with the AI 7(T), the Viking Way footpath runs along 
the 86403, for approximately I .5 miles (not visible from the highway). 
Laybys: There are no designated laybys. 
Services: There are no specified areas along this route. There are various facilities 
within the village of Ancaster that front the 86403, including village stores and 
petrol (not 24 h). There is a cafe at the junction with the Al7(T). 
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APPENDIX2: 
DATA COLLECTION FORM 
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ROAD NAME: 
ID: l_t 
ACCNUMBER: 
ACCDATE: L 
DAY: 
ACCTIME: 1 ..... 
EASTINGS: 
NORTHINGS: 
MARKER POST: 
LOCATION: 
DIRECTION: 
NUM_ VEHICLES: 
CASUAL TIES: I_ -----------~-----. __ : 
NUM_PASSENGER CASUAL TIES: I. -- --
SEVERITY: 
ADDRESS OF DRIVER (TOWN/CITY): 
DOB OF DRIVER: 
AGE: 
SEX: 
OCCUPATION: 
VEHICLE 1 MAKE: J___ -- --·. 
---··· - ---- -~--
VEHICLE 1 TYPE: I 
GOODS VEHICLES MAX PER GROSS WEIGHT: J _______ _ 
TACHOGRAPH: 0 
VISIBILITY: 
LIGHT CONDITIONS: 
WEATHER: 
ROAD SURFACE CONDITION: 
RUMBLE STRIPS: 0 
SPECIAL CONDITIONS AT SITE: 
CARRIAGEWAY HAZARDS: 
CARRIAGEWAY: 
CIRCUMSTANCES- ACCIDENT REPORT FORM: 
CONTRIBUTING FACTORS/CAUSE CODES: 
ADDIT INFORMATION FROM POLICE 
REPORTING OFFICER: 
I 
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SLIP/RND/UNCLASS/UNAVAIL? 
1--------·-- . 
MONTH: I 
TIME PERIOD: 
i 
I 
ALCOHOL: 
-.1 
.I 
ROAD NAME: 
ID: L 1 
ROAD AUDIT: 
ROAD AUDIT cont2: 
ROAD AUDIT cont3: 
ALCOHOL 0 
GOOD WEATHER/CLEAR VISIBILITY CRITERIA 0 
DRUGS 0 
VHCLE RAN OFF CARRGWY/INTO VISIBLE VHCL 0 
BRAKES/SKID MARKS 
MECHANICAL DEFECTS 
SPEEDING/TOO CLOSE TO VHCLE IN FRONT 
POLICE AT SCENE SUSPECTED SLEEPINESS 
SLEEP: 
COMMENTS: 
CAUSATION: 
0 
0 
0 
0 
I 
I 
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APPENDIX3: 
STATISTICAL SIGNIFICANCE 
Examples: 
CHAPTERS: 
5.2.3 Single Vehicle Crashes and Multiple Vehicle Crashes 
To examine the significance of the relationship between the ratio of road traffic 
crashes that were single vehicle crashes and sleep related crashes that were single 
vehicle crashes. 
The test used was Binomial Distribution: 
p, q = 1-p cr2 = p q/n 
where 
p1 = 426 single vehicle Road Traffic Crashes out of a total of 1583 total Road Traffic 
Crashes 
p2 = 125 single vehicle Sleep Related Crashes out of a total of 283 total Sleep Related 
Crashes 
p1 = 426 
1583 
PI= 0.269 
pz = 125 
283 
pz = 0.442 
P2- PI= 0.173 
n1 
cr2 = 0.269 X 0. 731 
1583 
cr2 = 1.242 X 104 
+ 
+ 
+ 
+ 
0.442 X 0.558 
283 
8.715 X 104 
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cr= ..f9.957 x 104 
cr= 0.0316 
t= 0.173 
0.0316 
t = 5.47 
The ratio of single vehicle crashes for all causation factors is significantly different to 
the ratio of sleep related crashes that are single vehicle crashes: 
t = 5.47 > 2.92, p = 0.05 
To examine the significance of the relationship between the ratio of road traffic 
crashes that involved two vehicles and sleep related crashes that involved two 
vehicles. 
where 
Pt = 756 Road Traffic Crashes involving two vehicles out of a total of 1583 total Road 
Traffic Crashes 
pz = 125 Sleep Related Crashes involving two vehicles out of a total of 283 total 
Sleep Related Crashes 
Pt= 756 
1583 
Pt= 0.477 
pz= 125 
283 
Pz = 0.442 
Pz- Pt = -0.035 
cr2 = Pt x q1 + pz x qz + where qt = I - Pt and qz = I - Pz 
Ut nz 
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r::l ~ 0.477 X 0.523 
1583 
r::? ~ 1.576 x 1 o""' 
cr= ---/10.291 x 104 
cr= 0.032 
t= P2- PI 
c; 
t= -0.035 
0.032 
t = -1.094 
+ 
+ 
0.442 X 0.558 
283 
8.715 x to"' 
The ratio of crashes involving two vehicles for all causation factors is not 
significantly different to the ratio of sleep related crashes involving two vehicles: 
t ~ 1.09 < 2.92, p = 0.05 
To examine the significance of the relationship between the ratio of road traffic 
crashes that involved three vehicles and sleep related crashes that involved three 
vehicles. 
where 
Pt = 241 Road Traffic Crashes involving two vehicles out of 1583 total Road Traffic 
Crashes 
p2 = 26 Sleep Related Crashes involving two vehicles out of 283 total Sleep Related 
Crashes 
PI= 241 
1583 
Pt ~ 0.152 
P2 ~ 0.092 
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P2- PI = -0.06 
~=p1xq1 
cr2 = 0.152 x 0.848 
1583 
cr2 = 8.142 x 10·5 
cr= ..f3.766 x 104 
cr= 0.019 
t=-0.06 
0.019 
t=-3.16 
+ 
+ 
+ 
+ 
0.092 X 0.908 
283 
2.952 X 104 
where q, = I -PI and q2 = I - P2 
The ratio of crashes involving three vehicles for all causation factors is significantly 
different to the ratio of sleep related crashes involving three vehicles: 
t = "3.16 > 2.92, p = 0.05 
To examine the significance of the relationship between the ratio of road traffic 
crashes that involved four vehicles and sleep related crashes that involved four 
vehicles. 
where 
p1 = 91 Road Traffic- Crashes involving- two-vehicles-out-of-1583 ·total· Road- Traffic 
Crashes 
P2 = 5 Sleep Related Crashes involving two vehicles out of 283 total Sleep Related 
Crashes 
PI= ....21 
1583 
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'--------------------------- -
_ _j 
P1 = 0.057 
pz = 0.018 
-0.039 
c? = 0.057 X 0.943 
1583 
ri = 3.395 x 10·5 
cr= ,19.641 x 10·5 
cr= 0.009 
t = -0.039 
0.009 
t = -4.3 
+ 
+ 
+ 
+ 
0.018 X 0.982 
283 
6.246 X 10"5 
where q1 = 1 - P1 and qz = 1 - pz 
The ratio of crashes involving four vehicles for all causation factors is significantly 
different to the ratio of sleep related crashes involving four vehicles: 
t = -4.3 > 0.025, p = 4.303. 
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CHAPTER?: 
THE EFFECT OF NATURAL AND ARTIFICIAL ROADSIDE LIGHTING ON 
SLEEP RELATED CRASHES 
7.2 Effect of Artificial Lighting 
To examine the significance of the relationship between the ratio of sleep related 
crashes to road traffic crashes on a lit motorway with average traffic flow and 
the ratio of sleep related crashes to road traffic crashes on an unlit motorway 
with average traffic flow. 
The test used was Binomial Distribution: 
p, q = 1-p cr2 = p q/n 
where 
PI= 22 Sleep Related Crashes out of 107 Road Traffic Crashes on a lit motorway with 
average traffic flow 
pz = 37 Sleep Related Crashes out of 119 Road Traffic Crashes on an unlit motorway 
with average traffic flow 
Pt = 22 
107 
PI= 0.206 
pz= 0.311 
P2- PI= 0.105 
+ + where qi = 1 -PI and qz = 1 - pz 
ni -------------nz,_-------------------------------
r? = 0.206 X 0.794 
107 
cr = --13.329 x w·3 
(J = 0.0577 
+ 
+ 
0J1J X 0.689 
119 
161 
t = 0.105 
0.0577 
t = 1.8197 
The ratio of sleep related crashes to road traffic crashes on a lit motorway with 
average traffic flow is not significantly different to the ratio of sleep related crashes to 
road traffic crashes on an unlit motorway with average traffic flow: 
t = 1.82 < 2.92, n.s. 
To examine the significance of the relationship between the ratio of sleep related 
crashes to road traffic crashes on a lit motorway with high traffic flow and the 
ratio of sleep related crashes to road traffic crashes on an unlit motorway with 
high traffic flow. 
where 
p1 = 36 Sleep Related Crashes out of 194 Road Traffic Crashes on a lit motorway with 
average traffic flow 
pz = 73 Sleep Related Crashes out of 447 Road Traffic Crashes on an unlit motorway 
with average traffic flow 
PI= 36 
194 
PI= 0.185 
pz= 73 
447 
pz = 0.163 
2_p 0" - I X q1 + + where q1 = I -PI and qz = 1 - pz 
nl nz 
162 
if-= 0.185 X 0.815 
194 
0" = "'Ji0.824 X J04 
cr= 0.0329 
t= 0.022 
0.0329 
t= 0.669 
+ 
+ 
0.163 X 0.837 
447 
3.052 X 104 
The ratio of sleep related crashes to road traffic crashes on a lit motorway with high 
traffic flow is not significantly different to the ratio of sleep related crashes to road 
traffic crashes on an unlit motorway with high traffic flow: 
t = 0.67 < 2.92, n.s. 
To examine the significance of the relationship between the ratio of sleep related 
crashes to road traffic crashes on a lit 'A' major non-motorway road and the 
ratio of sleep related crashes to road traffic crashes on an unlit 'A' major non-
motorway road. 
where 
PI = 8 Sleep Related Crashes out of 45 Road Traffic Crashes on a lit motorway with 
average traffic flow 
P2 = 16 Sleep Related Crashes out of97 Road Traffic Crashes on an unlit motorway 
with average traffic_flow.__ _____________ _ 
PI= 0.178 
pz = 0.165 
163 
-0.013 
cr2 = 0.178 X 0.822 
45 
cr2 = 3.251 X 10"3 
CJ = .Y4.671 X 10"3 
(J = 0.0683 
t = -0.013 
0.0683 
t=-0.19 
+ 
+ 
+ 
+ 
0.165 X 0.835 
97 
1.42 X 10"3 
The ratio of sleep related crashes to road traffic crashes on a lit 'A' major non-
motorway road is not significantly different to the ratio of sleep related crashes to 
road traffic crashes on an unlit 'A' major non-motorway road: 
t = -0.19 < 2.92, n.s. 
To examine the significance of the relationship between the ratio of sleep related 
crashes to road traffic crashes on a lit motorway road with average traffic flow 
during the hours of darkness 0000-0400h and the ratio of sleep related crashes to 
road traffic crashes on an unlit motorway with average traffic flow during the 
hours of darkness 0000-0406h. 
The test used was Binomial Distribution: 
p, q = 1-p 
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-~ 
I 
where 
PI = 4 Sleep Related Crashes out of 7 Road Traffic Crashes on a lit motorway with 
average traffic flow 
p2 = 7 Sleep Related Crashes out of 10 Road Traffic Crashes on an unlit motorway 
with average traffic flow 
PI = 0.571 
pz- PI= 0.129 
er2 = 0.571 x 0.429 
7 
er2 = 0.035 
er= -../0.056 
er= 0.237 
t = P2- PI 
er 
t = 0.129 
0.237 
t=0.544 
+ 
+ 
+ 0.021 
+ where qi = I -PI and q2 = 1 - P2 
0.7 X 0.3 
10 
The ratio of sleep related crashes to road traffic crashes on a lit motorway road with 
average traffic flow during the hours of darkness 0000-0400h is not significantly 
different to the ratio of sleep related crashes to road traffic crashes on an unlit 
motorway with average traffic flow during the hours of darkness 0000-0400h: 
t = 0.54 < 2.92, n.s. 
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To examine the significance of the relationship between the ratio of sleep related 
crashes to road traffic crashes on a lit motorway road with high traffic flow 
during the hours of darkness 0000-0400h and the ratio of sleep related crashes to 
road traffic crashes on an unlit motorway with high traffic flow during the hours 
of darkness 0000-0400h. 
where 
PI= 7 Sleep Related Crashes out of 19 Road Traffic Crashes on a lit motorway with 
high traffic flow 
p2 = 13 Sleep Related Crashes out of 30 Road Traffic Crashes on an unlit motorway 
with average traffic flow 
Pt =0.368 
P2= il 
30 
P2=0.433 
cr2 = 0.368 x 0.632 
19 
cr2 = 0.012 + 
cr= ,10.0201 
cr= 0.1417 
+ 
n2 
+ 
8.184 X 10"3 
t = 0.065 = 0.459 
0.1417 
t = 0.459 
+ 
0.433 X 0.567 
30 
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where q1 = l-p1 andq2 = !-p2 
The ratio of sleep related crashes to road traffic crashes on a lit motorway road with 
high traffic flow during the hours of darkness 0000-0400h is not significantly 
different to the ratio of sleep related crashes to road traffic crashes on an unlit 
motorway with high traffic flow during the hours of darkness 0000-0400h: 
t = 0.46 < 2.92, n.s. 
7.3 Effect of Natural Light 
To examine the significance of the relationship between the ratio of sleep related 
crashes to road traffic crashes during hours of daylight 0530-0730 May, June 
and July and the ratio of sleep related crashes to road traffic crashes during 
hours of darkness 0530-0730 November, December and January. 
The test used was Binomial Distribution: 
p, q = 1-p 
where 
p1 = 7 Sleep Related Crashes out of 23 Road Traffic Crashes during hours of daylight 
p2 = 4 Sleep Related Crashes out of 39 Road Traffic Crashes during hours of darkness 
Pl =0.304 
p2=0.103:------------------
P2- Pl = -2.01 
ill 
cr2 = 0.304 x 0.696 
23 
+ 
+ 
+ 
0.103 X 0.897 
39 
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where q1 = 1 - Pl and q2 = 1 - P2 
cr = <'11.568 X 10·3 
cr= 0.1075 
t = -2.01 
0.1075 
t=-18.70 
+ 2.369 x ro·3 
The ratio of sleep related crashes to road traffic crashes during hours of daylight 
0530-0730 May, June and July is highly significant to the ratio of sleep related 
crashes to road traffic crashes during hours of darkness 0530-0730 November, 
December and January. 
t = -18.70 > 9.925, p = 0.005. 
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